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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â‘ á −¥«¨−¥©−®áâï¬¨

1 Введение

Š�ª ¨§¢¥áâ−® [1, 2], ¬�â¥¬�â¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨ äã−ªæ¨®−¨à®¢�−¨ï ¬−®£¨å
á®¢à¥¬¥−−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬ ¨−ä®à¬�â¨ª¨ á«ã¦�â áâ®å�áâ¨ç¥áª¨¥ á¨áâ¥¬ë
(‘â‘), ®¯¨áë¢�¥¬ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¬¨, ¨−â¥£à�«ì−ë¬¨ ¨ ¨−â¥£à®¤¨ää¥à¥−-
æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨ á® á«®¦−ë¬¨ ¤à®¡−®-à�æ¨®−�«ì−ë¬¨, ¨àà�æ¨®−�«ì−ë-
¬¨ ¨ ¨−â¥£à�«ì−ë¬¨ −¥«¨−¥©−®áâï¬¨. ‚ [1] ¤�−® á¨áâ¥¬�â¨ç¥áª®¥ ¨§«®¦¥−¨¥
Œ�� ¨ Œ‘‹ ¤«ï „‘â‘ ¨ �‘â‘, ¯à¨¢®¤¨¬ëå ª ¤¨ää¥à¥−æ¨�«ì−ë¬. ‚ [2]
à�áá¬®âà¥−ë Œ�� ¨ Œ‘‹ ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå
áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ (‘â�) −� á«ãç�© ‘â‘ á® á«®¦−ë¬¨ ª®−¥ç−ë¬¨, ¤¨ä-
ä¥à¥−æ¨�«ì−ë¬¨ ¨ ¨−â¥£à�«ì−ë¬¨ −¥«¨−¥©−®áâï¬¨.

‘â�âìï ¯®á¢ïé¥−� ¬�â¥¬�â¨ç¥áª®¬ã ®¡¥á¯¥ç¥−¨î ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥-
«¨à®¢�−¨ï „‘â‘, � â�ª¦¥ �‘â‘, ¯à¨¢®¤¨¬ëå ª „‘â‘ á® á«®¦−ë¬¨ ª®−¥ç−ë¬¨,
¤¨ää¥à¥−æ¨�«ì−ë¬¨ ¨ ¨−â¥£à�«ì−ë¬¨ −¥«¨−¥©−®áâï¬¨, −� ®á−®¢¥ Œ�� ¨ Œ‘‹,
à�§à�¡®â�−−ëå ¢ [2].

2 Уравнения методов нормальной аппроксимации и статистической
линеаризации для дифференциальных стохастических систем
и эредитарных стохастических систем, приводимых
к дифференциальным

Š�ª ¨§¢¥áâ−® [3{5], ãà�¢−¥−¨ï ª®−¥ç−®¬¥à−ëå −¥¯à¥àë¢−ëå −¥«¨−¥©−ëå
á¨áâ¥¬ á® áâ®å�áâ¨ç¥áª¨¬¨ ¢®§¬ãé¥−¨ï¬¨ ¯ãâ¥¬ ¢¢¥¤¥−¨ï ¨−áâàã¬¥−â�«ì−ëå
¯¥à¥¬¥−−ëå ¨ à�áè¨à¥−¨ï ¢¥ªâ®à� á®áâ®ï−¨ï „‘â‘ ¬®£ãâ ¡ëâì §�¯¨á�−ë ¢ ¢¨¤¥
á«¥¤ãîé¥£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£® ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï ˆâ®:

dYt = a(Yt,—, t) dt + b(Yt,—, t) dW0 +

∫

R
q
0

c(Yt,—, t, v)P
0(dt, dv) ,

Y (t0) = Y0 . (1)

‡¤¥áì Yt { p-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï „‘â‘;—| p—-¬¥à−ë© ¢¥ªâ®à á«ãç�©−ëå
¯�à�¬¥âà®¢, ¢ ®¡é¥¬ á«ãç�¥ §�¢¨áïé¨å ®â t; a = a(Yt,—, t) ¨ b = b(Yt,—, t) |
¨§¢¥áâ−ë¥ (p×1)-¬¥à−�ï ¨ (p×r)-¬¥à−�ï äã−ªæ¨¨ Yt ¨ t;W0 =W0(t)| r-¬¥à-
−ë© ¢¨−¥à®¢áª¨© ‘â� ¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t); c(Yt,—, t, v)| (p × 1)-¬¥à−�ï
äã−ªæ¨ï Yt, t ¨ ¢á¯®¬®£�â¥«ì−®£® (q × 1)-¬¥à−®£® ¯�à�¬¥âà� v;

∫

–

dP 0(t, A) |

æ¥−âà¨à®¢�−−�ï ¯ã�áá®−®¢áª�ï ¬¥à�, ®¯à¥¤¥«ï¥¬�ï á«¥¤ãîé¨¬ ®¡à�§®¬:

∫

–

dP 0(t, A) =

∫

–

dP (t, A) =

∫

–

νP (t, A)dt ,
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

£¤¥
∫

–

dP (t, A) | ç¨á«® áª�çª®¢ ¯ã�áá®−®¢áª®£® ‘â� ¢ ¨−â¥à¢�«¥ ¢à¥¬¥−¨ – =

= (t1, t2]; νP (t, A)| ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ‘â�P (t, A);A| −¥ª®â®à®¥
¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq

0 á ¢ëª®«®âë¬ −�ç�«®¬. ��ç�«ì−®¥
§−�ç¥−¨¥ Y0 ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã (‘‚), −¥ §�¢¨áïéãî ®â
¯à¨à�é¥−¨© ‘â� W0(t) ¨ P (t, A) −� ¨−â¥à¢�«�å ¢à¥¬¥−¨, á«¥¤ãîé¨å §� t0,
t0 ≤ t1 ≤ t2, ¤«ï «î¡®£® ¬−®¦¥áâ¢� A.

‚ á«ãç�¥ �¤¤¨â¨¢−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¨ ¯ã�áá®−®¢áª¨å ¢®§¬ãé¥−¨©
ãà�¢−¥−¨¥ (1) ¨¬¥¥â ¢¨¤:

‘Yt = a(Yt,—, t) + b0(—, t)V , V = ‘W , Y (t0) = Y0 . (2)

‡¤¥áì W | ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨, ¯à¥¤áâ�¢«ïîé¨© á®¡®© á¬¥áì
−®à¬�«ì−®£® ¨ ®¡®¡é¥−−®£® ¯ã�áá®−®¢áª®£® ‘â�.

‚ −¥ª®â®àëå á«ãç�ïå ¢¢®¤ïâ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï �Yt =
[

Y Tt —
T
]T

.
’®£¤� ãà�¢−¥−¨¥ „‘â‘ (1) á®¢¬¥áâ−® á ãà�¢−¥−¨ï¬¨ ä®à¬¨àãîé¥£® ä¨«ìâà�
¤«ï — ¯à¨¢®¤ïâáï ª (1), ¥á«¨ ¯®«®¦¨âì

�a = �a( �Yt, t) =
[

a(Yt,—, t)
Ta—(—, t)T

]T
;

�b = �b( �Yt, t) =
[

b(Yt,—, t)
Tb—(—, t)T

]T
;

�c = �c( �Yt, t) =
[

c(Yt,—, t, v)
Tc—(—, t)T

]T
.























(3)

‚ ¤�«ì−¥©è¥¬ ¢ ®¡é¥¬ á«ãç�¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì „‘â‘ (1) ¨«¨ (2) ¯à¨
ãá«®¢¨¨ (3) ¨ ®¯ãáª�âì ç¥àâã −�¤ �Yt ¨ �a,�b, �c.

…á«¨ ¯à¥¤¯®«®¦¨âì áãé¥áâ¢®¢�−¨¥ ª®−¥ç−ëå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¢â®-
à®£® ¯®àï¤ª� ¤«ï ¬®¬¥−â®¢ t1 ¨ t2, â® ãà�¢−¥−¨ï Œ�� ¯à¨¬ãâ á«¥¤ãîé¨©
¢¨¤ [3, 4]:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©

gN
1 (λ; t) = exp

[

iλTmt −
1

2
λTKtλ

]

; (4)

gN
t1,t2
(λ1, λ2; t1, t2) = exp

[

i�λT �m2 −
1

2
�λT �K2λ

]

, (5)

£¤¥

�λ =
[

λT1 λ
T
2

]T
; �m2 =

[

mTt1m
T
t2

]T
; �K2 =

[

K(t1, t1) K(t1, t2)
K(t2, t1) K(t2, t2)

]

;
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â‘ á −¥«¨−¥©−®áâï¬¨

{ ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mt, ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Kt ¨ ¬�âà¨æë
ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© K(t1, t2):

‘mt = a1(mt,Kt, t) , m0 = m(t0) ; (6)
‘Kt = a2(mt,Kt, t) , K0 = K(t0) ; (7)

∂K(t1, t2)

∂t2
= K(t1, t2)a21(mt2 ,Kt2 , t2)

T , K(t1, t1) = Kt1 . (8)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

a1 = a1(mt,Kt, t) = MNa(Yt, t) ; (9)

a2 = a2(mt,Kt, t) = a21(mt,Kt, t) + a21(mt,Kt, t)
T + a22(mt,Kt, t) ; (10)

a21 = a21(mt,Kt, t) = MNa(Yt, t)Y
0T
t ; (11)

a22 = a22(mt,Kt, t) = MNσ(Yt, t) ; (12)

σ(Yt, t) = b(Yt, t)ν0(t)b(Yt, t)
T +

∫

R
q
0

c(Yt, t, v)c(Yt, t, v)
TνP (t, dv) ; (13)

mt = MYt , Y
0
t = Yt −mt ; Kt = MNY

0
t Y
0T
t ; K(t1, t2) = MNY

0
t1
Y 0t2 ,

£¤¥ MN | á¨¬¢®« ¢ëç¨á«¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï −®à¬�«ì−ëå
à�á¯à¥¤¥«¥−¨© (4) ¨ (5).

…á«¨ áãé¥áâ¢ãîâ −®à¬�«ì−ë¥ áâ�æ¨®−�à−ë¥ ‘â� ¢¨¤� mt = m∗, Kt = K∗,
K(t1, t2) = k(τ) (τ = t1 − t2), â® ®−¨ ®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨ [3, 4]:

a1(m
∗,K∗) = 0 ; a2(m

∗,K∗) = 0 ; (14)

‘kτ (τ) = a21(m
∗,K∗)K∗−1k(τ) , k(0) = K∗ (∀τ > 0) ;

k(τ) = k(−τ)T (∀τ < 0) .

}

(15)

�à¨ íâ®¬ −¥®¡å®¤¨¬®, çâ®¡ë ¬�âà¨æ� a21(m∗,K∗) ¡ë«� �á¨¬¯â®â¨ç¥áª¨ ãáâ®©-
ç¨¢®©.

„«ï „‘â‘ (2) ãà�¢−¥−¨ï (4){(8) ¯¥à¥å®¤ïâ ¢ ãà�¢−¥−¨ï Œ‘‹ Š�§�ª®¢� [3,
4], ¥á«¨ ¯à¨−ïâì

a(Yt, t) = a1(mt,Kt) + k
a
1(mt,Kt)Y

0
t ; (16)

b(Yt, t) = b0(t) ; σ(Yt, t) = b0(t)ν(t)b0(t)
T = σ0(t) ; (17)

ka
1(mt,Kt, t) =

[(

∂

∂mt

)

a0(mt,Kt, t)
T

]T

; (18)
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

‘mt = a1(mt,Kt, t) , m0 = m(t0) ; (19)
‘Kt = k

a
1(mt,Kt, t)Kt +Ktk

a
1(mt,Kt, t)

T + σ0(t) , K0 = K(t0) ; (20)

∂K(t1, t2)

∂t2
= K(t1, t2)Kt2k

a
1(mt2 ,Kt2 , t2)

T , K(t1, t1) = Kt1 . (21)

‚ ®á−®¢¥ Œ‘‹ ¤«ï áâ�æ¨®−�à−ëå „‘â‘ (2) ¯à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®©
ãáâ®©ç¨¢®áâ¨ ¬�âà¨æë ka

1(m
∗,K∗) «¥¦�â ãà�¢−¥−¨ï (14) ¨ (15), §�¯¨á�−−ë¥ ¢

¢¨¤¥:

a1(m
∗,K∗) = 0 ; (22)

ka
1(m

∗,K∗)K∗ +K∗ka
1(m

∗,K∗)T + σ∗0 = 0 ; (23)

‘kτ (τ) = k
a
1(m

∗,K∗)k(τ) , k(0) = K∗ (∀τ > 0) ;

k(τ) = k(−τ)T (∀τ < 0) .

}

(24)

’�ª¨¬ ®¡à�§®¬, ãà�¢−¥−¨ï (4){(8) «¥¦�â ¢ ®á−®¢¥ Œ�� ¤«ï „‘â‘ (1),
� (16){(21) | ¢ ®á−®¢¥ Œ‘‹ ¤«ï „‘â‘ (2). „«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå
‘â� ¢ áâ�æ¨®−�à−ëå „‘â‘ á®£«�á−® Œ�� á«ã¦�â á®®â−®è¥−¨ï (14), (15),
� Œ‘‹ | (22){(24).

’¥¯¥àì à�áá¬®âà¨¬ �‘â‘, ®¯¨áë¢�¥¬ãî ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢-
−¥−¨¥¬ ˆâ® á«¥¤ãîé¥£® ¢¨¤� [2, 5]:

dXt =



a(Xt,—, t) +

t
∫

t0

a1(X(τ),—, τ, t) dτ



 dt +

+



b(Xt,—, t) +

t
∫

t0

b1(X(τ),—, τ, t) dτ



 dW0 +

+

∫

R
q
0



c(Xt,—, t, v) +

t
∫

t0

c1(X(τ),—, τ, t, v) dτ



 dP 0(t, dv) (25)

á −�ç�«ì−ë¬ ãá«®¢¨¥¬ X(t0) = X0. ‚ (25) á®åà�−¥−ë ®¡®§−�ç¥−¨ï (1). ”ã−ªæ¨¨
a = a(Xt,—, t), a1 = a1(X(τ),—, τ, t), b = b(Xt,—, t), b1 = b1(X(τ),—, τ, t),
c = c(Xt,—, t, v) ¨ c1 = c1(X(τ),—, τ, t, v) ¨¬¥îâ á®®â¢¥âáâ¢¥−−® à�§¬¥à−®áâ¨
p× 1, p× 1, p× r, p× r, p× 1 ¨ p× 1 ¨ ¤®¯ãáª�îâ ¯à¥¤áâ�¢«¥−¨ï á«¥¤ãîé¥£®
¢¨¤�:

a1 = A(t, τ)ϕ(X(τ),—, τ) ;

b1 = B(t, τ)ψ(X(τ),—, τ) ;

c1 = C(t, τ)χ(X(τ),—, τ, v) .















(26)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â‘ á −¥«¨−¥©−®áâï¬¨

‡¤¥áì íà¥¤¨â�à−ë¥ ï¤à� A = A(t, τ) = [Aij(t, τ)] (i, j = 1, p), B = B(t, τ) =
= [Bil(t, τ)] (i = 1, p, l = 1, r) ¨ C = C(t, τ) = [Cij(t, τ)] (i, j = 1, p) ¨¬¥îâ
á®®â¢¥âáâ¢¥−−® à�§¬¥à−®áâ¨ p× p, p× r ¨ p× p. �−¨ ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬
ãá«®¢¨ï¬ ä¨§¨ç¥áª®© à¥�«¨§ã¥¬®áâ¨ ¨ �á¨¬¯â®â¨ç¥áª®£® §�âãå�−¨ï:

Aij(t, τ) = 0 ; Bil(t, τ) = 0 ; Cij(t, τ) = 0 ∀τ > t ;

∞
∫

−∞

|Aij(t, τ)| dτ <∞ ;
∞
∫

−∞

|Bil(t, τ)| dτ <∞ ;
∞
∫

−∞

|Cij(t, τ)| dτ <∞ .

‚ ¤�«ì−¥©è¥¬ ®£à�−¨ç¨¬áï á«ãç�¥¬, ª®£¤� íà¥¤¨â�à−ë¥ ï¤à� ã¤®¢«¥â¢®àïîâ
«¨−¥©−ë¬ ®¯¥à�â®à−ë¬ ãà�¢−¥−¨ï¬ [2, 5]. �¥«¨−¥©−ë¥ ¢ ®¡é¥¬ á«ãç�¥ äã−ªæ¨¨
ϕ = ϕ(X(τ),—, τ), ψ = ψ(X(τ),—, τ)¨χ = χ(X(τ),—, τ, v)¨¬¥îâ à�§¬¥à−®áâ¨
p× 1, p× p ¨ p× 1 á®®â¢¥âáâ¢¥−−®.

‚�¦−ë© ª«�áá ï¤¥à ¯à¥¤áâ�¢«ïîâ á®¡®© á¨−£ã«ïà−ë¥ (¢ëà®¦¤¥−−ë¥) ï¤à�,
ª®£¤� ¨¬¥îâ ¬¥áâ® ¯à¥¤áâ�¢«¥−¨ï [2, 5]:

Aij(t, τ) = A
+
ij(t)A

−

ij(τ) ; Bil(t, τ) = B
+
il (t)B

−

il (τ) ; Cij(t, τ) = C
+
ij (t)C

−

ij (τ) ,

i, l = 1, p, j = 1, r .

‚ [2, 5] ¯®ª�§�−®, çâ® ¤«ï ¤¨ää¥à¥−æ¨àã¥¬ëå −¥«¨−¥©−ëå äã−ªæ¨© ϕ,
ψ ¨ χ ¢ (26) ¯ãâ¥¬ à�áè¨à¥−¨ï ¢¥ªâ®à� á®áâ®ï−¨ï §� áç¥â ¨−áâàã¬¥−â�«ì−ëå
¯¥à¥¬¥−−ëå, �¯¯à®ªá¨¬¨àã¥¬ëå «¨−¥©−ë¬¨ ®¯¥à�â®à−ë¬¨ ãà�¢−¥−¨ï¬¨, ®¯à¥-
¤¥«ïîé¨¬¨ íà¥¤¨â�à−ë¥ ï¤à�, �‘â‘ (25) ¯à¨¢®¤¨âáï ª „‘â‘ ¢¨¤� (1) ¨«¨ (2).
‚ á«ãç�¥ −¥¤¨ää¥à¥−æ¨àã¥¬ëå −¥«¨−¥©−ëå äã−ªæ¨© ϕ, ψ ¨ χ ¢ (26) �‘â‘ (25)
¯à¨¢®¤¨âáï ª (1) ¨«¨ (2) −� ®á−®¢¥ �¯¯à®ªá¨¬�æ¨¨ ¢ëà®¦¤¥−−ë¬¨ (á¨−£ã«ïà−ë-
¬¨) ï¤à�¬¨ [2, 5].

’�ª¨¬ ®¡à�§®¬, ¯®á«¥ ¯à¨¢¥¤¥−¨ï �‘â‘ (25) ª „‘â‘ (1) ¨«¨ (2) ¬®¦−®
¢®á¯®«ì§®¢�âìáï ãà�¢−¥−¨ï¬¨ Œ�� ¨ Œ‘‹ ¤«ï „‘â‘.

3 Математическое обеспечение аналитического моделирования
процессов в дифференциальных стохастических системах
со сложными нелинейностями

Š�ª ¨§¢¥áâ−® [2, 7], à�§«¨ç�îâ áª�«ïà−ë¥ ¨ ¢¥ªâ®à−ë¥ (áª�«ïà−®£® ¨ ¢¥ªâ®à-
−®£® �à£ã¬¥−â�) −¥«¨−¥©−®áâ¨

Zt = ϕ(Yt, t) , (27)

®¯¨áë¢�¥¬ë¥ í«¥¬¥−â�à−ë¬¨ äã−ªæ¨ï¬¨ (�”), á¯¥æ¨�«ì−ë¬¨ äã−ªæ¨ï¬¨
(‘”), � â�ª¦¥ à�§àë¢−ë¬¨ äã−ªæ¨ï¬¨.
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

‘«¥¤ãï [8], −�§®¢¥¬ áª�«ïà−ë¥ äã−ªæ¨¨ áª�«ïà−®£® �à£ã¬¥−â�, §−�ç¥−¨ï
ª®â®àëå ¯®«ãç�îâáï á ¯®¬®éìî ª®−¥ç−®£® ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ®¯¥à�æ¨© −�¤
�à£ã¬¥−â®¬, §�¢¨á¨¬®© ¯¥à¥¬¥−−®© ¨ ¯®áâ®ï−−ë¬¨ ç¨á«�¬¨ �”. �®¤ ¢ëç¨á«¨-
â¥«ì−ë¬¨ ®¯¥à�æ¨ï¬¨ ¯®−¨¬�îâ ç¥âëà¥ �à¨ä¬¥â¨ç¥áª¨å ¤¥©áâ¢¨ï, ¢®§¢¥¤¥−¨¥
¢ æ¥«ãî ¨«¨ ¤à®¡−ãî áâ¥¯¥−ì, ¢§ïâ¨¥ âà¨£®−®¬¥âà¨ç¥áª¨å ¨«¨ ®¡à�â−ëå ¨¬ äã−ª-
æ¨©, «®£�à¨ä¬¨à®¢�−¨¥ ¨ ¯®â¥−æ¨à®¢�−¨¥. �−¨ −¥¯à¥àë¢−ë. �«¥¬¥−â�à−ë¥
äã−ªæ¨¨ ¤¥«ïâáï −� �«£¥¡à�¨ç¥áª¨¥ (áâ¥¯¥−−ë¥, ¬−®£®ç«¥−ë, ¤à®¡−®-à�æ¨®−�«ì-
−ë¥ äã−ªæ¨¨, ¨àà�æ¨®−�«ì−ë¥ äã−ªæ¨¨, ï¢«ïîé¨¥áï áã¯¥à¯®§¨æ¨¥© áâ¥¯¥−−ëå
äã−ªæ¨© á −¥æ¥«ë¬¨ ¯®ª�§�â¥«ï¬¨ ¨ ¤à.) ¨ âà�−áæ¥−¤¥−â−ë¥ (¯®ª�§�â¥«ì−ë¥
«®£�à¨ä¬¨ç¥áª¨¥, âà¨£®−®¬¥âà¨ç¥áª¨¥ äã−ªæ¨¨, ®¡à�â−ë¥ âà¨£®−®¬¥âà¨ç¥áª¨¥
äã−ªæ¨¨ ¨ ¤à.). Š«�áá �” ®¡«�¤�¥â â®© §�¬¥ç�â¥«ì−®© ®á®¡¥−−®áâìî, çâ® ¯à®-
¨§¢®¤−�ï �” ¢á¥£¤� ï¢«ï¥âáï �”. �à¨ íâ®¬ ®¯¥à�æ¨ï ¨−â¥£à¨à®¢�−¨ï ¬®¦¥â
¢ë¢®¤¨âì ¨§ ª«�áá� �”.

Š«�áá ‘” §−�ç¨â¥«ì−® è¨à¥ ª«�áá� �”. Š ‘” ¯à¨−ïâ® ®â−®á¨âì äã−ªæ¨¨,
¢áâà¥ç�îé¨¥áï ¯à¨ à¥è¥−¨¨ §�¤�ç ¬�â¥¬�â¨ç¥áª®© ä¨§¨ª¨, â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
¨ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ¨ ¤à. [8].

ˆ−â¥£à�«ì−ë¬¨ äã−ªæ¨ï¬¨ (ˆ”) −�§ë¢�îâáï ‘”, ¢ëà�¦�îé¨¥áï ç¥à¥§
¨−â¥£à�«ë ®â ¯à®áâëå �”, � â�ª¦¥ ®â äã−ªæ¨©, ¯®«ãç�îé¨åáï ¨§ −¨å á ¯®¬®éìî
ª®−¥ç−®£® ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ®¯¥à�æ¨© ¨ ®¯¥à�æ¨© ¤¨ää¥à¥−æ¨à®¢�−¨ï [8].
‘î¤� ®â−®áïâáï ˆ”, ®¡à�â−ë¥ ã¯®¬ï−ãâë¬. ��¨¡®«¥¥ ç�áâ® ¨á¯®«ì§ã¥¬ë¬¨
ˆ” ï¢«ïîâáï: £�¬¬�-äã−ªæ¨ï, ¨−â¥£à�« ¢¥à®ïâ−®áâ¨ ¨ ®¡à�â−�ï ¥¬ã äã−ªæ¨ï,
¨−â¥£à�«ì−ë¥ âà¨£®−®¬¥âà¨ç¥áª¨¥, ¯®ª�§�â¥«ì−�ï ¨ «®£�à¨ä¬¨ç¥áª�ï äã−ªæ¨¨,
äã−ªæ¨¨ γ- ¨ χ2-à�á¯à¥¤¥«¥−¨ï ¨ ¤à. ‘à¥¤¨ ¤àã£¨å ‘” á«¥¤ã¥â ¢ë¤¥«¨âì ç�áâ®
¢áâà¥ç�îé¨¥áï æ¨«¨−¤à¨ç¥áª¨¥ äã−ªæ¨¨ (äã−ªæ¨¨ �¥áá¥«ï), í««¨¯â¨ç¥áª¨¥
äã−ªæ¨¨, � â�ª¦¥ ®àâ®£®−�«ì−ë¥ ¬−®£®ç«¥−ë [8].

„«ï ª�ç¥áâ¢¥−−ëå ¨áá«¥¤®¢�−¨© ç�áâ® à�áá¬�âà¨¢�îâ áª�«ïà−ë¥ −¥«¨−¥©−®-
áâ¨, «¥¦�é¨¥ ¢ ¯¥à¢®¬ ¨ âà¥âì¥¬ á¥ªâ®à�å ¨ ¨å ¢¥ªâ®à−ë¥ �−�«®£¨ [6, 7]. �à¨
íâ®¬ ¢ë¤¥«ïîâ ¯®¤ª«�ááë −¥¯à¥àë¢−ëå, ¤¨ää¥à¥−æ¨àã¥¬ëå, � â�ª¦¥ ã¡ë¢�-
îé¨å ¨ −¥ã¡ë¢�îé¨å −¥«¨−¥©−®áâ¥©.

Š à�§àë¢−ë¬ −¥«¨−¥©−®áâï¬ ®â−®áïâáï ªãá®ç−®-¯®áâ®ï−−ë¥ ¨ ªãá®ç−®-−¥-
¯à¥àë¢−ë¥ äã−ªæ¨¨, � â�ª¦¥ äã−ªæ¨¨ ª®−¥ç−®© ¢�à¨�æ¨¨. ‚�¦−ë¬ ç�áâ−ë¬
ª«�áá®¬ áª�«ïà−ëå −¥«¨−¥©−®áâ¥© ï¢«ïîâáï äã−ªæ¨¨, ®¯¨áë¢�¥¬ë¥ äã−ªæ¨ï¬¨
®£à�−¨ç¥−−®© ¢�à¨�æ¨¨. ‘¯¥æ¨�«ì−®£® à�áá¬®âà¥−¨ï §�á«ã¦¨¢�îâ −¥«¨−¥©−®áâ¨
á® ¬−®¦¥áâ¢�¬¨ ãáâà�−¨¬®£® ¨ −¥ãáâà�−¨¬®£® à�§àë¢�.

“¯®¬ï−¥¬ â�ª¦¥ −¥®¤−®§−�ç−ë¥ −¥«¨−¥©−®áâ¨ á §®−�¬¨ −¥çã¢áâ¢¨â¥«ì−®áâ¨,
� â�ª¦¥ £¨áâ¥à¥§¨á−®£® â¨¯�, ®¯¨áë¢�¥¬ë¥ ª®−¥ç−ë¬¨ äã−ªæ¨ï¬¨ ¢¨¤� [3, 4]

Zt = ϕ(Yt, ‘Yt, . . . , Y
(n)
t , t) (28)

¨«¨ äã−ªæ¨®−�«�¬¨
Zt = ϕ(Y

t
t0
, t, Yt0) . (29)

‚�¦−ë¬ ç�áâ−ë¬ ª«�áá®¬ −¥«¨−¥©−®áâ¥© (29) ï¢«ïîâáï íà¥¤¨â�à−ë¥ −¥«¨-
−¥©−®áâ¨, ®¯¨áë¢�¥¬ë¥ ¨−â¥£à�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨ ¢¨¤�
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â‘ á −¥«¨−¥©−®áâï¬¨

Zt =

t
∫

t0

A(t, τ)ϕ(Yτ , τ) dτ , (30)

£¤¥ ï¤à® A(t, τ) ®¯à¥¤¥«¥−® (26).
��ª®−¥æ, ®â¬¥â¨¬, çâ® −�àï¤ã á ¨−â¥£à�«ì−ë¬¨ −¥«¨−¥©−®áâï¬¨ (30) à�á-

á¬�âà¨¢�îâáï ®¯¥à�â®à−ë¥ −¥«¨−¥©−®áâ¨ ¢¨¤� [3, 4]

Zs =

R
∑

ρ=1

Aρϕρ . (31)

‡¤¥áì Aρ, . . . , AR | ¯à®¨§¢®«ì−ë¥ «¨−¥©−ë¥ ®¯¥à�â®àë, ¤¥©áâ¢ãîé¨¥ −�¤
äã−ªæ¨ï¬¨ l ¯¥à¥¬¥−−ëå t1, . . . , tl; ϕρ = ϕρ(Yt1 , . . . , Ytl , s). ’�ª¨¥ −¥«¨−¥©-
−®áâ¨ −�§ë¢�îâáï ¯à¨¢®¤¨¬ë¬¨ ª «¨−¥©−ë¬ [3, 4]. ‚ ç�áâ−®áâ¨, ¯à¨¬¥à�¬¨ (31)
¬®£ãâ á«ã¦¨âì ¨−â¥£à�«ì−ë¥ −¥«¨−¥©−®áâ¨ ¢¨¤�:

Zs =

∫

T

ϕ(Yt, t, s) dt ;

Zs =

∫

T

· · ·
∫

T

ϕ(Yt1 , . . . , Ytl ; t1, . . . , tl, s) dt1 · · · dtl .

Š�ª á«¥¤ã¥â ¨§ ãà�¢−¥−¨© (9){(13), ¤«ï Œ�� −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì
á«¥¤ãîé¨¥ ¨−â¥£à�«ë:

Iq
0 = I

a
0 (mt,Kt, t) = a1(mt,Kt, t) = MNa(Yt, t) ; (32)

Ia
1 = I

a
1 (mt,Kt, t) = a21(mt,Kt, t) = MNa(Yt, t)Y

0T
t ; (33)

I �σ0 = I
�σ
0 (mt,Kt, t) = a22(mt,Kt, t) = MN �σ(Yt, t) . (34)

�à¨ íâ®¬ ¤«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¨−â¥£à�« (32), ¯à¨ç¥¬ ¨−â¥£à�« Ia
1

¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ [3, 4]:

ka
1 = k

a
1(mt,Kt, t) =

[(

∂

∂mt

)

Ia
0 (mt,Kt, t)

T

]T

. (35)

„«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ‘â� ¢ „‘â‘ á® á«®¦−ë¬¨
−¥«¨−¥©−®áâï¬¨ ¢ á®áâ�¢¥ ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� úIDStSû
¢ áà¥¤¥ MATLAB à�§à�¡®â�−® á¯¥æ¨�«¨§¨à®¢�−−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥
¨ ª®¬¯«¥ªá â¥áâ®¢ëå ¯à¨¬¥à®¢. „«ï ª®−¥ç−ëå á«®¦−ëå �−�«¨â¨ç¥áª¨ §�¤�−−ëå
−¥«¨−¥©−ëå äã−ªæ¨© a(Y, t) ¤«ï ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ Ia

0 ¨ I �σ0 ¨á¯®«ì§®¢�«¨áì
á¨¬¢®«ì−ë¥ ¬¥â®¤ë ¯®«¨−®¬¨�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (á¬. ¯®¤à®¡−® [9, 10]).
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

„«ï á«®¦−ëå −¥«¨−¥©−®áâ¥©, ¢ëà�¦�¥¬ëå ¨−â¥£à�«ì−ë¬¨, ¤¨ää¥à¥−æ¨�«ì-
−ë¬¨ ¨ ¤àã£¨¬¨ ®¯¥à�â®à−ë¬¨ ãà�¢−¥−¨ï¬¨, ¯à¥¤¢�à¨â¥«ì−® ¨á¯®«ì§®¢�«¨áì
�«£®à¨â¬ë ¯à¨¢¥¤¥−¨ï ãà�¢−¥−¨© ª ¤¨ää¥à¥−æ¨�«ì−ë¬ [2, 5, 11{13]. �à¨
íâ®¬ ¤«ï ç¨á«¥−−®£® ¨−â¥£à¨à®¢�−¨ï ãà�¢−¥−¨© Œ�� (Œ‘‹) ¨á¯®«ì§®¢�«¨áì
áâ�−¤�àâ−ë¥ ®¤−®è�£®¢ë¥ ¬¥â®¤ë ¤«ï ¦¥áâª¨å á¨áâ¥¬ ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢-
−¥−¨© [9].

‚ ¯à¨«®¦¥−¨¨ ¯à¨¢¥¤¥−ë â¥áâ®¢ë¥ ¯à¨¬¥àë.

4 Заключение

�� ®á−®¢¥ [2] à�§à�¡®â�−ë á¨¬¢®«ì−ë¥ �«£®à¨â¬ë, � â�ª¦¥ ª®¬¯«¥ªá â¥áâ®¢ëå
¯à¨¬¥à®¢ ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ „‘â‘ ¨
�‘â‘, ¯à¨¢®¤¨¬ëå ª „‘â‘ á® á«®¦−ë¬¨ ª®−¥ç−ë¬¨, ¤¨ää¥à¥−æ¨�«ì−ë¬¨
¨ ¨−â¥£à�«ì−ë¬¨ −¥«¨−¥©−®áâï¬¨. „�−ë à¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï ¢ á®áâ�¢¥
¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¢ áà¥¤¥ MATLAB úIDStSû [13].
�à¨¢¥¤¥−ë â¥áâ®¢ë¥ ¯à¨¬¥àë.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© „‘â‘ ¨ �‘â‘ á® áâ®å�áâ¨ç¥-
áª¨¬¨ −¥«¨−¥©−®áâï¬¨, §�¤�−−ë¬¨ ª®−¥ç−ë¬¨, ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ¨ ¨−â¥-
£à�«ì−ë¬¨ á®®â−®è¥−¨ï¬¨ ¨«¨ ª�−®−¨ç¥áª¨¬¨ à�§«®¦¥−¨ï¬¨ ¨ ¯à¥¤áâ�¢«¥−¨ï-
¬¨ [1, 3, 4, 10].

Приложение

‚ [1] ¤«ï â¨¯®¢ëå áâ¥¯¥−−ëå, ¯®ª�§�â¥«ì−ëå, âà¨£®−®¬¥âà¨ç¥áª¨å ¨ ªãá®ç−®-¯®-
áâ®ï−−ëå −¥«¨−¥©−®áâ¥© (27) ¨ (28) áª�«ïà−®£® ¨ ¢¥ªâ®à−®£® �à£ã¬¥−â� ¯à¨¢¥¤¥−ë
®¡è¨à−ë¥ â�¡«¨æë ä®à¬ã« ¤«ï ¨−â¥£à�«®¢ (32){(35). ‘ª�«ïà−ë¥ −¥«¨−¥©−®áâ¨ ¡ë«¨
¨á¯®«ì§®¢�−ë ¢ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢.

„®¯®«−¨â¥«ì−® ¢ á®áâ�¢ úIDStSû ¢ª«îç¥−ë ä®à¬ã«ë ¤«ï «®£�à¨ä¬¨ç¥áª¨å, ®¡à�â-
−ëå âà¨£®−®¬¥âà¨ç¥áª¨å, £¨¯¥à¡®«¨ç¥áª¨å ¨ ®¡à�â−ëå £¨¯¥à¡®«¨ç¥áª¨å äã−ªæ¨©. �á®-
¡®¥ ¢−¨¬�−¨¥ ¡ë«® ã¤¥«¥−® á«®¦−ë¬ ¨àà�æ¨®−�«ì−ë¬ −¥«¨−¥©−®áâï¬ (ˆ÷�).

�à¨¬¥à 1. ÷�áá¬®âà¨¬ ¢ëç¨á«¥−¨¥ ¨−â¥£à�«®¢ (32) ¨ (35) ¤«ï ®¤−®¬¥à−ëå ˆ÷�
áª�«ïà−®£® �à£ã¬¥−â�

ϕ(Yt, t) = |Yt|α−1
sgnYt , (36)

£¤¥ α | −¥æ¥«ë© ¯®ª�§�â¥«ì.
�®«ì§ãïáì (15) ¨ (18), ¯à¥¤áâ�¢¨¬ (36) ¢ ¢¨¤¥:

ϕ(Yt, t) = ϕ0(mt, Dt, t, α) + k
ϕ
1 (mt, Dt, t, α)Y

0
t .

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

ϕ0(mt, Dt, t;α) = •(α)D
1/2
t e−ζ2/4D−α(ζ) ;

ka
1 (mt, Dt, t;α) =

∂ϕ0(mt, Dt, t;α)

∂mt
,











(37)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â‘ á −¥«¨−¥©−®áâï¬¨

£¤¥ •(α) | £�¬¬�-äã−ªæ¨ï; ζ = mt/
√
Dt | ®â−®è¥−¨¥ á¨£−�«{èã¬; D−α(ζ) |

äã−ªæ¨ï ¯�à�¡®«¨ç¥áª®£® æ¨«¨−¤à� [14]. �à¨ ¢ëç¨á«¥−¨¨ ¡ë«¨ ãçâ¥−ë á«¥¤ãîé¨¥
á®®â−®è¥−¨ï [8, 14]:

∞
∫

0

xα−1e−βx2−γx dx = (2β)−α/2•(α) exp

(

γ2

8β

)

D−α

(

γ
√

2β

)

;

dDρ(ζ)

dζ
= −ζ
2
Dρ(ζ) − ρDρ−1(ζ) =

=
ζ

2
Dρ (ζ)−Dρ+1(ζ) (Re β > 0 , Reα > 0 , ρ = −α) .

‘®®â−®è¥−¨ï (37) ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ (34).
�®¤à®¡−® à�áá¬®âà¥−ë á«®¦−ë¥ ˆ÷� ¢¨¤� ϕ(Yt, t) = “ϕ(|Yt|α−1, t, α), £¤¥ äã−ª-

æ¨¨ “ϕ ï¢«ïîâáï â¨¯®¢ë¬¨ ªãá®ç−®-¯®áâ®ï−−ë¬¨ äã−ªæ¨ï¬¨ [1].

�à¨¬¥à 2. „«ï −¥«¨−¥©−®© „‘â‘ ¢¨¤�

‘Yt = −at|Yt|α−1sgnYt + btV

(α, at ¨ bt | ¯®áâ®ï−−ë¥; V | ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ νt) Œ‘‹ ¯à¨¢®¤¨â ª á«¥¤ãîé¨¬
ãà�¢−¥−¨ï¬:

‘mt = −atϕ0(mt, Dt, t;α) ;

‘Dt = −2atk
ϕ
1 (mt, Dt, t;α) + b

2
tνt ,

£¤¥ ϕ0 ¨ kϕ
1 ®¯à¥¤¥«¥−ë ¢ (37). �â−®á¨â¥«ì−�ï â®ç−®áâì ¯à¨ at = 1, bt = 0, 1, νt = 1

¨ α = 0,5 á®áâ�¢«ï¥â 6%.

�à¨¬¥à 3. „«ï „‘â‘

‘Yt = −atYt + bt(|Yt|δ−1sgnYt)V

á ãç¥â®¬ ¯à¨¬¥à� 1 Œ�� ¤�¥â á«¥¤ãîé¨¥ ãà�¢−¥−¨ï:

‘mt = −atmt ;

‘Dt = −2atDt + b
2
tνtϕ0(mt, Dt, t, δ) .

‡¤¥áì ϕ0(mt, Dt, t, δ) ®¯à¥¤¥«ï¥âáï (37) ¯à¨ δ = 2α − 1. �â−®á¨â¥«ì−�ï â®ç−®áâì
�−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï áâ�æ¨®−�à−®£® ‘â� ¯à¨ at = 1, bt = 1, νt = 10

−1

¨ α = 0,5 á®áâ�¢«ï¥â 15%.
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Mathematical software tools for analytical modeling in stochastic systems

MATHEMATICAL SOFTWARE TOOLS FOR ANALYTICAL
MODELING IN STOCHASTIC SYSTEMS WITH COMPLEX

NONLINEARITIES

I. N. Sinitsyn, V. I. Sinitsyn, I. V. Sergeev, E. R. Korepanov, V. V. Belousov,
and V. S. Shorgin

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: New mathematical software tools in \IDStS" are developed for
differential stochastic systems (DStS) with Wiener and Poisson noises with
complex finite, differential, and integral nonlinearities and hereditary StS
(HStS) reducible to DStS. Algorithms of analytical modeling based on the
normal approximation method (NAM) and the statistical linearization method
(SLM) are given. Numeral and symbolic algorithms for NAM (SLM) are
developed in MATLAB for typical nonlinearities in DStS. Test examples are
given. Special attention is paid to the problems of analytical modeling in HStS
with complex nonlinearities based on NAM and SLM.
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Wiener and Poisson noises; mathematical software tool \IDStS;" method of
normal approximation; method of statistical linearization; hereditary stochastic
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БЕЗОПАСНЫЕ АРХИТЕКТУРЫ РАСПРЕДЕЛЕННЫХ СИСТЕМ

А. А. Грушо1, Н. А. Грушо2, Е. Е. Тимонина3, С. Я. Шоргин4

�−−®â�æ¨ï: ÷�á¯à¥¤¥«¥−−ë¥ ª®¬¯®−¥−âë ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬ë (Šˆ‘) ¢§�¨¬®¤¥©áâ¢ãîâ ¬¥¦¤ã á®¡®© ç¥à¥§ á¥âì, ®¡¥á¯¥ç¨¢�ï ¨−-
ä®à¬�æ¨®−−®¥ á®¯à®¢®¦¤¥−¨¥ ¯à®¨§¢®¤áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤¯à¨ïâ¨ï
¨«¨ ®à£�−¨§�æ¨¨. ‘ãé¥áâ¢ã¥â æ¥«ë© ª«�áá ãï§¢¨¬®áâ¥©, á®§¤�îé¨å ã£à®-
§ë ¯à�¢¨«ì−®¬ã ¨ ¡¥§®¯�á−®¬ã ¢ë¯®«−¥−¨î Šˆ‘ á¢®¨å äã−ªæ¨©. —�áâ®
§«®ã¬ëè«¥−−¨ª¨ ¨éãâ ãï§¢¨¬®áâ¨, ¨á¯®«ì§ãï ¢à¥¤®−®á−ë© ª®¤, ª®â®àë©,
¯®¯�¤�ï ¢ −�¨¬¥−¥¥ §�é¨é¥−−ë¥ ã§«ë, �¢â®−®¬−® à�á¯à®áâà�−ï¥âáï ¬¥¦¤ã
å®áâ�¬¨ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë (ˆ‘). �ãáâì V | ¬−®¦¥áâ¢® ª®¬¯®−¥−-
â®¢ à�á¯à¥¤¥«¥−−®© ˆ‘, E | ¬−®¦¥áâ¢® ¢®§¬®¦−ëå ¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã
ª®¬¯®−¥−â�¬¨, â®£¤� G = (V,E) | �àå¨â¥ªâãà� à�á¯à¥¤¥«¥−−®© ˆ‘. ÷�á-
á¬�âà¨¢�¥âáï á«¥¤ãîé�ï ¤¥ª®¬¯®§¨æ¨ï �àå¨â¥ªâãàë à�á¯à¥¤¥«¥−−®© Šˆ‘ −�
¨¥à�àå¨î �àå¨â¥ªâãà ª«�áá®¢ ª®¬¯®−¥−â®¢. �àå¨â¥ªâãà� á¥â¨ A1 à�á¯à¥¤¥-
«¥−−®© ˆ‘ ¯à¥¤áâ�¢«ï¥â á®¡®© −¨¦−¨© ãà®¢¥−ì ¤¥ª®¬¯®§¨æ¨¨. ‘«¥¤ãîé¨¥
ãà®¢−¨ ¨¥à�àå¨¨ | íâ® �àå¨â¥ªâãà� §�¤�ç A2 ¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨
(ˆ’) A3. ‚¥àå−¨¬ ãà®¢−¥¬ ¨¥à�àå¨¨ ï¢«ï¥âáï �àå¨â¥ªâãà� à�á¯à¥¤¥«¥−−®©
ˆ‘. �àå¨â¥ªâãà−ë¥ ã£à®§ë | íâ® âà�−§¨â ç¥à¥§ å®áâë ¢à¥¤®−®á−®£® ª®¤�
¨ ãâ¥çª� ¨−ä®à¬�æ¨¨ ç¥à¥§ ˆ’. �¥§®¯�á−®© �àå¨â¥ªâãà®© á«¥¤ã¥â áç¨â�âì
â�ªãî �àå¨â¥ªâãàã, ª®â®à�ï ¢ à�¬ª�å ¤®áâã¯−ëå áà¥¤áâ¢ á−¨¦�¥â à¨áª¨ à¥�-
«¨§�æ¨¨ �àå¨â¥ªâãà−ëå ã£à®§. �àå¨â¥ªâãà� ˆ‘ ¬®¦¥â áç¨â�âìáï ¡¥§®¯�á−®©,
¥á«¨ ¢ −¥© −¥â ¯àï¬ëå ¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã ¢ëá®ª®à¨áª®¢ë¬¨ ¨ ¢ëá®-
ª®æ¥−−ë¬¨ ª®¬¯®−¥−â�¬¨. ��©¤¥−ë −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï
áãé¥áâ¢®¢�−¨ï ¡¥§®¯�á−ëå �àå¨â¥ªâãà ¢ à�á¯à¥¤¥«¥−−ëå Šˆ‘. “áâ�−®¢«¥-
−®, ¯à¨ ª�ª¨å ãá«®¢¨ïå ¢ à�á¯à¥¤¥«¥−−ãî ˆ‘ ¬®¦−® ¡¥§®¯�á−® ¢−®á¨âì −®¢ë¥
§�¤�ç¨ ¨«¨ ˆ’ ¨«¨ ¤àã£¨¥ ¨§¬¥−¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë;
¢¨àâã�«ì−ë¥ á¨áâ¥¬ë; à¨áª¨; æ¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë; �àå¨â¥ªâãà�
à�á¯à¥¤¥«¥−−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë

DOI: 10.14357/08696527140302

1 Введение

÷�á¯à¥¤¥«¥−−ë¥ Šˆ‘ á®¤¥à¦�â ¡®«ìè®¥ ª®«¨ç¥áâ¢® ®á−®¢−®£® ¨ ¢á¯®¬®£�-
â¥«ì−®£® ®¡®àã¤®¢�−¨ï, ¡�§®¢®£® ¨ ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��),
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ (ˆ÷). ÷�á¯à¥¤¥«¥−−ë¥ ª®¬¯®−¥−âë Šˆ‘ ¢§�¨¬®¤¥©-

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�-
â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�,
grusho@yandex.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, info@itake.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, eltimon@yandex.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sshorgin@ipiran.ru

18



�¥§®¯�á−ë¥ �àå¨â¥ªâãàë à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬

áâ¢ãîâ ¬¥¦¤ã á®¡®© ç¥à¥§ á¥âì, ®¡¥á¯¥ç¨¢�ï ¨−ä®à¬�æ¨®−−®¥ á®¯à®¢®¦¤¥−¨¥
¯à®¨§¢®¤áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤¯à¨ïâ¨ï ¨«¨ ®à£�−¨§�æ¨¨.

‘ −¥®¤−®à®¤−®áâï¬¨ ˆ÷ ¨ ¯à®£à�¬¬−®-�¯¯�à�â−ëå á¨áâ¥¬ Šˆ‘, −�«¨ç¨¥¬
ã −¥ª®â®àëå ª®¬¯®−¥−â®¢ ¢−¥è−¨å ¢§�¨¬®¤¥©áâ¢¨© á¢ï§�− æ¥«ë© ª«�áá ãï§¢¨-
¬®áâ¥©, á®§¤�îé¨å ã£à®§ë ¯à�¢¨«ì−®¬ã ¨ ¡¥§®¯�á−®¬ã ¢ë¯®«−¥−¨î Šˆ‘ á¢®¨å
äã−ªæ¨©. �à¨ç¨−�¬¨ ãï§¢¨¬®áâ¥© ¬®£ãâ ¡ëâì ª�ª ¥áâ¥áâ¢¥−−ë¥ ®è¨¡ª¨ ¨ âàã¤-
−®áâ¨ ®à£�−¨§�æ¨¨ ¡¥§®¯�á−®© à�¡®âë á«®¦−®© á¨áâ¥¬ë, â�ª ¨ ¤¥ïâ¥«ì−®áâì
§«®ã¬ëè«¥−−¨ª®¢, æ¥«¥−�¯à�¢«¥−−® ¨éãé¨å ãï§¢¨¬ë¥ ¬¥áâ� Šˆ‘ á æ¥«ìî
−�−¥á¥−¨ï ãé¥à¡�. —�áâ® §«®ã¬ëè«¥−−¨ª¨ ¨éãâ ãï§¢¨¬®áâ¨, ¨á¯®«ì§ãï ¢à¥-
¤®−®á−ë© ª®¤, ª®â®àë©, ¯®¯�¤�ï ¢ −�¨¬¥−¥¥ §�é¨é¥−−ë¥ ã§«ë, �¢â®−®¬−®
à�á¯à®áâà�−ï¥âáï ¬¥¦¤ã å®áâ�¬¨ Šˆ‘.

�¤−�ª® ¨á¯®«ì§®¢�−¨¥ ¢¨àãá®¢, ç¥à¢¥© ¨ ¤àã£®£® ¢à¥¤®−®á−®£® ª®¤� ï¢«ï¥âáï
á«®¦−®© §�¤�ç¥©. —�é¥ ¢á¥£® ¤«ï à�á¯à®áâà�−¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ¨á¯®«ì-
§ãîâáï ®è¨¡ª¨ ¢ ª®−ä¨£ãà�æ¨¨ á¥â¨. „®áâã¯ ¢à¥¤®−®á−®£® ª®¤� ª æ¥−−ë¬ ˆ÷
â�ª¦¥ ¯à¥¤¯®«�£�¥â à¥è¥−¨¥ àï¤� á«®¦−ëå §�¤�ç. ‘î¤� ¢å®¤¨â ®¡å®¤ áà¥¤áâ¢
§�é¨âë, ¯®¢ëè¥−¨¥ ¯à¨¢¨«¥£¨©, ¡«®ª¨à®¢�−¨¥ �−â¨¢¨àãá®¢, �ªâ¨¢¨§�æ¨ï ¯à¥¤-
¬¥â−®-®à¨¥−â¨à®¢�−−ëå ¬®¤ã«¥© ¤«ï ¯®¨áª� æ¥−−®© ¨−ä®à¬�æ¨¨. �®«ãç¥−¨¥
ª®¬�−¤ë −� ã−¨çâ®¦¥−¨¥ æ¥−−®£® ˆ÷ ¨«¨ áªàëâ�ï ¯¥à¥¤�ç� æ¥−−®© ¨−ä®à¬�æ¨¨
¢® ¢−¥è−îî (£«®¡�«ì−ãî) á¥âì ¯à¥¤¯®«�£�îâ á«®¦−ãî ®à£�−¨§�æ¨î áªàëâ®£®
á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï.

�®çâ¨ ¢á¥ íâ¨ è�£¨ ¬®¦−® ¯à¥¤®â¢à�â¨âì ¯à�¢¨«ì−®© ®à£�−¨§�æ¨¥© ¢§�¨¬®-
¤¥©áâ¢¨© ª®¬¯®−¥−â®¢ Šˆ‘. ‚ à�¡®â¥ ¡¥§®¯�á−�ï ®à£�−¨§�æ¨ï ¢§�¨¬®¤¥©áâ¢¨©
¬¥¦¤ã ª®¬¯®−¥−â�¬¨ Šˆ‘ −�§ë¢�¥âáï ¡¥§®¯�á−®© �àå¨â¥ªâãà®© ˆ‘. „«ï ¯®-
áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤¥«�¥âáï á«¥¤ãîé¥¥ ¯à¥¤¯®«®¦¥−¨¥. ‹î¡ë¥
¢§�¨¬®¤¥©áâ¢¨ï ¢ Šˆ‘ ¯à®¨áå®¤ïâ «¨¡® ¢ å®áâ¥, «¨¡® ç¥à¥§ á¥âì. ‚§�¨¬®-
¤¥©áâ¢¨¥ â�ª¨å á«®¦−ëå ª®¬¯®−¥−â®¢ Šˆ‘, ª�ª §�¤�ç¨ ¨ ˆ’, ¯à¥¤áâ�¢«ï¥â
á®¡®© ¢§�¨¬®¤¥©áâ¢¨¥ ¬−®¦¥áâ¢� å®áâ®¢ ç¥à¥§ á¥âì ¨ ¢§�¨¬®¤¥©áâ¢¨¥ á ˆ÷ ¢−ãâà¨
å®áâ®¢. ‘ â®çª¨ §à¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë Šˆ‘ ¬®¦−® ¯à¥¤¯®«®¦¨âì,
çâ® ¢§�¨¬®¤¥©áâ¢¨¥ ¢−ãâà¨ å®áâ®¢ ®à£�−¨§®¢�−® ¡¥§®¯�á−®. �®íâ®¬ã ®á−®¢−�ï
§�¤�ç�, ª®â®à�ï à¥è�¥âáï ¢ à�¡®â¥, | íâ® ¡¥§®¯�á−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã
ª®¬¯®−¥−â�¬¨ Šˆ‘ ç¥à¥§ á¥âì.

‚ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå ¯à®¡«¥¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ à�§-
à�¡®â�−ë ¯à¨¬¥àë £�à�−â¨à®¢�−−®© §�é¨âë Šˆ‘ ®â ã¯®¬ï−ãâëå ã£à®§ [1{3].
�¤−�ª® ¢ëá®ª�ï æ¥−� £�à�−â¨à®¢�−−®© §�é¨âë ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ −¥ ®¯à�¢-
¤ë¢�¥âáï æ¥−−®áâï¬¨, ®¡à�¡�âë¢�¥¬ë¬¨ ¢ Šˆ‘. ‚ ¤�−−®© à�¡®â¥ ¯à¥¤«®¦¥−ë
¬¥â®¤ë §�é¨âë, ª®â®àë¥ ¬®¦−® à¥�«¨§®¢�âì §−�ç¨â¥«ì−® ¡®«¥¥ ¤¥è¥¢ë¬¨ áà¥¤-
áâ¢�¬¨. ‚ −¥ª®â®àëå á«ãç�ïå ¬®¦−® à�ááç¨âë¢�âì −� ¬�áá®¢®¥ ¢−¥¤à¥−¨¥
¯à¥¤«®¦¥−−ëå ¬¥â®¤®¢ ¯®áâà®¥−¨ï ¡¥§®¯�á−ëå �àå¨â¥ªâãà.

2 Модели архитектур распределенных систем

÷�á¯à¥¤¥«¥−−ë¥ ˆ‘ ®¯¨à�îâáï −� ¢ëç¨á«¨â¥«ì−ë¥ á¥â¨, ¯à¥¤áâ�¢«ïîé¨¥
á®¡®© å®áâë ¨ ª�−�«ë ¬¥¦¤ã −¨¬¨. �� å®áâ�å ãáâ�−®¢«¥−ë ¯à¨«®¦¥−¨ï. ÷�á-
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�. �. ƒàãè®, �. �. ƒàãè®, …. …. ’¨¬®−¨−�, ‘. Ÿ. ˜®à£¨−

¯à¥¤¥«¥−−�ï á¨áâ¥¬� à¥�«¨§ã¥â ¨−ä®à¬�æ¨®−−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï ¯à¨«®¦¥−¨©,
à�á¯®«®¦¥−−ëå −� å®áâ�å, ¨á¯®«ì§ãîé¨å á¥âì. ‘¥â¥¢®¥ ®¡®àã¤®¢�−¨¥, å®áâë,
¯à¨«®¦¥−¨ï, ˆ÷, ˆ’ ¨ ¤à. ¡ã¤¥¬ −�§ë¢�âì ª®¬¯®−¥−â�¬¨ à�á¯à¥¤¥«¥−−ëå ˆ‘.

Š®¬¯ìîâ¥à−�ï á¨áâ¥¬�, ¨á¯®«ì§ãîé�ï ¢¨àâã�«¨§�æ¨î, ¯à¥¤áâ�¢«ï¥â á®¡®©
ä¨§¨ç¥áª¨© á¥à¢¥à (ª«�áâ¥à), −� ª®â®à®¬ ãáâ�−®¢«¥−® á¥¬¥©áâ¢® ¢¨àâã�«ì−ëå
á¥à¢¥à®¢ ¨ ¤àã£¨å ª®¬¯®−¥−â®¢, ¢§�¨¬®¤¥©áâ¢ãîé¨å ¬¥¦¤ã á®¡®©. ‘ «®£¨ç¥áª®©
â®çª¨ §à¥−¨ï à�á¯à¥¤¥«¥−−�ï ˆ‘ ¨ ¢¨àâã�«ì−�ï ˆ‘ ¨¤¥−â¨ç−ë, ¨ ¤�«¥¥ ¡ã¤¥¬
¨å ®â®¦¤¥áâ¢«ïâì.

�¯à¥¤¥«¨¬ ¯®−ïâ¨¥ �àå¨â¥ªâãàë. �ãáâì V | ¬−®¦¥áâ¢® ª®¬¯®−¥−â®¢ à�á-
¯à¥¤¥«¥−−®© ˆ‘, E | ¬−®¦¥áâ¢® ¢®§¬®¦−ëå ¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã ª®¬¯®−¥−-
â�¬¨, â®£¤� G = (V,E) | �àå¨â¥ªâãà� à�á¯à¥¤¥«¥−−®© ˆ‘. Œ®¦−® à�áá¬�âà¨-
¢�âì �àå¨â¥ªâãàã à�á¯à¥¤¥«¥−−®© ˆ‘, §�¢¨áïéãî ®â ¢à¥¬¥−¨: Gt = (Vt, Et),
çâ® á®®â¢¥âáâ¢ã¥â ˆ’. „«ï ¯à®áâ®âë ¤�«¥¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì �àå¨â¥ªâãàã
à�á¯à¥¤¥«¥−−®© ˆ‘, −¥ §�¢¨áïéãî ®â ¢à¥¬¥−¨.

…á«¨ ¢§�¨¬®¤¥©áâ¢¨ï à�áá¬�âà¨¢�îâáï â®«ìª® ¯®¯�à−® ¨ ¢ �á¯¥ªâ¥ ú¥áâì ¨«¨
−¥âû, â® �àå¨â¥ªâãà� ¯à¥¤áâ�¢«ï¥â á®¡®© ®à¨¥−â¨à®¢�−−ë© £à�ä, ¢ ª®â®à®¬ ¤ã£�
¨¤¥−â¨ä¨æ¨àã¥â ¢®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï −¥ª®â®à®£® ¨−ä®à¬�æ¨®−−®£® ¯®-
â®ª� ®â ®¤−®£® ª®¬¯®−¥−â� ª ¤àã£®¬ã. ‚ ®¡é¥¬ á«ãç�¥ ¢§�¨¬®¤¥©áâ¢¨¥ | íâ®
á«®¦−�ï áâàãªâãà�, ª®â®à�ï á�¬� ¬®¦¥â á®¤¥à¦�âì á¢®¨ ª®¬¯®−¥−âë ¨ ¢§�¨¬®-
á¢ï§¨ ¬¥¦¤ã −¨¬¨. �−�«®£¨ç−® ª®¬¯®−¥−âë ¬®£ãâ ¨¬¥âì á«®¦−ãî áâàãªâãàã,
â�ª¦¥ á®áâ®ïéãî ¨§ ª®¬¯®−¥−â®¢ ¨ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨.

„«ï �−�«¨§� á«®¦−ëå á¨áâ¥¬, ª�ª ¯à�¢¨«®, ¨á¯®«ì§ãîâ ¨¥à�àå¨ç¥áªãî ¤¥-
ª®¬¯®§¨æ¨î. �à¨ ¨áá«¥¤®¢�−¨¨ �àå¨â¥ªâãà à�á¯à¥¤¥«¥−−ëå ˆ‘ â�ª¦¥ ¨¬¥¥â
á¬ëá« ¢®á¯®«ì§®¢�âìáï ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¥© à�á¯à¥¤¥«¥−−®© ¨/¨«¨
¢¨àâã�«ì−®© á¨áâ¥¬ë. „�«¥¥ à�áá¬�âà¨¢�¥âáï á«¥¤ãîé�ï ¤¥ª®¬¯®§¨æ¨ï �àå¨-
â¥ªâãàë à�á¯à¥¤¥«¥−−®© ˆ‘ −� ¨¥à�àå¨î �àå¨â¥ªâãà ª«�áá®¢ ª®¬¯®−¥−â®¢.

�àå¨â¥ªâãà� á¥â¨A1 à�á¯à¥¤¥«¥−−®© ˆ‘ ¯à¥¤áâ�¢«ï¥â á®¡®© −¨¦−¨© ãà®¢¥−ì
¤¥ª®¬¯®§¨æ¨¨. Š®¬¯®−¥−âë á¥â¨ ®¡à�§ãîâ ¬−®¦¥áâ¢® å®áâ®¢ V1, ¢§�¨¬®¤¥©áâ¢¨¥
íâ¨å ª®¬¯®−¥−â®¢ ®â®¦¤¥áâ¢«ï¥âáï á «®£¨ç¥áª¨¬¨ ª�−�«�¬¨ á¢ï§¨ E1 ¬¥¦¤ã
å®áâ�¬¨. �� å®áâ�å à�á¯®«®¦¥−ë ˆ÷, ª®â®àë¥ â�ª¦¥ ¨¬¥îâ ª®¬¯®−¥−â−ãî
áâàãªâãàã, −® −¥ ¬®£ãâ á�¬®áâ®ïâ¥«ì−® ¢§�¨¬®¤¥©áâ¢®¢�âì. ˆ−ä®à¬�æ¨®−−ë¥
à¥áãàáë ¯¥à¥¤�îâáï ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ å®áâ®¢.

‘«¥¤ãîé¨© ãà®¢¥−ì ¨¥à�àå¨¨ | íâ® �àå¨â¥ªâãà� §�¤�ç A2. Š�¦¤�ï §�¤�ç�
®¯à¥¤¥«ï¥âáï á¡®à®¬ ¨−ä®à¬�æ¨¨, ¥¥ ®¡à�¡®âª®© ¨ à�á¯à¥¤¥«¥−¨¥¬. “à®¢¥−ì á¥-
â¨ ¯à¥¤®áâ�¢«ï¥â §�¤�ç¥ ¨−ä®à¬�æ¨î, á®¡à�−−ãî ¨§ à�§«¨ç−ëå å®áâ®¢, ¨ ãá«ã£ã
à�á¯à¥¤¥«¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ¤àã£¨¥ å®áâë. •®áâë ¯à¥¤®áâ�¢«ïîâ §�¤�ç¥ ãá«ã£ã
¢ ¢¨¤¥ ˆ÷ ¨ ãá«ã£ã ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. ˆâ�ª, ª®¬¯®−¥−â�¬¨ �àå¨â¥ªâãàë
§�¤�ç ï¢«ïîâáï å®áâë, á®¤¥à¦�é¨¥ ¨«¨ ®¡à�¡�âë¢�îé¨¥ ˆ÷, � ¢§�¨¬®¤¥©-
áâ¢¨¥ å®áâ®¢, ãç�áâ¢ãîé¨å ¢ á¡®à¥, ®¡à�¡®âª¥ ¨ à�á¯à¥¤¥«¥−¨¨ ˆ÷, ®¯à¥¤¥«ï¥â
¢§�¨¬®¤¥©áâ¢¨ï ¢ �àå¨â¥ªâãà¥ §�¤�ç. ‚ ª®¬¯ìîâ¥à−®© ¯à�ªâ¨ª¥ §�¤�çã ç�áâ®
®â®¦¤¥áâ¢«ïîâ á ¯à¨«®¦¥−¨¥¬.

‘«¥¤ãîé¨¬ ãà®¢−¥¬ ¨¥à�àå¨¨ A3 ï¢«ï¥âáï ˆ’. ˆ−ä®à¬�æ¨®−−ãî â¥å−®«®-
£¨î ¬®¦−® ¯à¥¤áâ�¢«ïâì ª�ª ¯®á«¥¤®¢�â¥«ì−®áâì §�¤�ç, ¢ë¯®«−ï¥¬ëå ¢ ¨−â¥à¥á�å
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�¥§®¯�á−ë¥ �àå¨â¥ªâãàë à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬

¥¤¨−®© æ¥«¨. Š®¬¯®−¥−â�¬¨ �àå¨â¥ªâãàë ˆ’ ï¢«ïîâáï §�¤�ç¨, ¬−®¦¥áâ¢® ¢§�¨-
¬®¤¥©áâ¢¨© ¢ �àå¨â¥ªâãà¥ ˆ’ ®¯à¥¤¥«ï¥âáï ¢§�¨¬®¤¥©áâ¢¨¥¬ ¯®á«¥¤®¢�â¥«ì−®áâ¨
à¥è�¥¬ëå §�¤�ç.

‚¥àå−¨¬ ãà®¢−¥¬ ¨¥à�àå¨¨ ï¢«ï¥âáï �àå¨â¥ªâãà� à�á¯à¥¤¥«¥−−®© ˆ‘. �àå¨-
â¥ªâãàã à�á¯à¥¤¥«¥−−®© ˆ‘ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ¬−®¦¥áâ¢® ˆ’. Š®¬¯®−¥−-
â�¬¨ �àå¨â¥ªâãàë à�á¯à¥¤¥«¥−−®© ˆ‘ ï¢«ïîâáï ˆ’, ¬−®¦¥áâ¢® ¢§�¨¬®¤¥©áâ¢¨©
ˆ’ ®¯à¥¤¥«ï¥â ¬−®¦¥áâ¢® ¢§�¨¬®¤¥©áâ¢¨© ¢ à�á¯à¥¤¥«¥−−®© ˆ‘.

’�ª¨¬ ®¡à�§®¬, §�¤�ç� ¯à¥¤áâ�¢«ï¥â á®¡®© ¬−®¦¥áâ¢® å®áâ®¢ ¨ ¢§�¨¬®¤¥©-
áâ¢¨© íâ¨å å®áâ®¢, â. ¥. «®£¨ç¥áª¨å ª�−�«®¢ ¬¥¦¤ã íâ¨¬¨ å®áâ�¬¨. ˆ−ä®à¬�æ¨®−-
−�ï â¥å−®«®£¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì §�¤�ç ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨¥
¬¥¦¤ã á®¡®©. ˆ−ë¬¨ á«®¢�¬¨, �àå¨â¥ªâãà� ˆ’ | íâ® â�ª¦¥ ¬−®¦¥áâ¢® å®áâ®¢
¨ «®£¨ç¥áª¨å ª�−�«®¢, ï¢«ïîé¥¥áï ®¡ê¥¤¨−¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ¬−®¦¥áâ¢
�àå¨â¥ªâãà §�¤�ç. �à¨ íâ®¬ −¥ ¢®§−¨ª�¥â ¤®¯®«−¨â¥«ì−ëå ¢§�¨¬®¤¥©áâ¢¨©, â�ª
ª�ª ¢§�¨¬®á¢ï§ì §�¤�ç ¢ ˆ’ á®®â¢¥âáâ¢ã¥â à�á¯à¥¤¥«¥−¨î ¨−ä®à¬�æ¨¨ ¨ á¡®àã
¨−ä®à¬�æ¨¨ á«¥¤ãîé¨å ¤àã£ §� ¤àã£®¬ §�¤�ç. ˆ§ íâ¨å à�ááã¦¤¥−¨© á«¥¤ã¥â,
çâ® A1 ï¢«ï¥âáï ®á−®¢−®© �àå¨â¥ªâãà®©, � ¢á¥ á«¥¤ãîé¨¥ −�¤ −¥© ¢ ª�ç¥áâ¢¥
ª®¬¯®−¥−â®¢ ¨¬¥îâ ¯®¤¬−®¦¥áâ¢� V1 ¨ ¢§�¨¬®á¢ï§¨ ¯®¤¬−®¦¥áâ¢� E1. �®¢�ï
§�¤�ç� ¨«¨ ˆ’ ¬®¦¥â ã¢¥«¨ç¨âì E1, −® ®¡é�ï áå¥¬� ®áâ�−¥âáï â®© ¦¥.

÷�áá¬®âà¨¬ −¥ª®â®àë¥ ¯à¨¬¥àë �àå¨â¥ªâãà.

2.1 Клиент-серверная архитектура

Š«¨¥−â-á¥à¢¥à−�ï �àå¨â¥ªâãà� ¯®¤¤¥à¦¨¢�¥âáï á¥âìî á â®¯®«®£¨¥© ú§¢¥§-
¤�û: ®á−®¢−ë¥ ¯à¨«®¦¥−¨ï −�å®¤ïâáï −� á¥à¢¥à¥, ¯®«ì§®¢�â¥«¨ á ¯®¬®éìî
à�¡®ç¨å áâ�−æ¨© ®¡à�é�îâáï ª á¥à¢¥à−ë¬ ¯à¨«®¦¥−¨ï¬ ç¥à¥§ á¥âì ª®¬¬ã−¨ª�-
æ¨©. ‚ ¤�−−®© ¬®¤¥«¨ ¬®£ãâ â�ª¦¥ ¯à¨áãâáâ¢®¢�âì á¥â¥¢ë¥ ãáâà®©áâ¢�, ª®â®àë¥
¤«ï ¯à®áâ®âë §¤¥áì ®¯ãé¥−ë.

÷�§¢¨â¨¥¬ ª«¨¥−â-á¥à¢¥à−®© �àå¨â¥ªâãàë ï¢«ïîâáï ERP (Enterprise Re-
source Planning) á¨áâ¥¬ë, ¢ ª®â®àëå ¯à¨áãâáâ¢ã¥â ¬−®¦¥áâ¢® á¥à¢¥à®¢ ¨ à¥�«¨-
§®¢�− è«î§, ç¥à¥§ ª®â®àë© å®áâë ¬®£ãâ ®¡à�é�âìáï ª á¥à¢¥à−®© á¨áâ¥¬¥.

�à¨¬¥à®¬ à¥�«¨§�æ¨¨ è«î§� ï¢«ï¥âáï ¢¥¡-¯®àâ�«. ‚§�¨¬®¤¥©áâ¢¨¥ ¯®«ì§®-
¢�â¥«¥© á á¥à¢¥à−®© £àã¯¯®© ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¢¥¡-¢§�¨¬®¤¥©áâ¢¨ï ¨«¨
¡à�ã§¥à�.

2.2 VLAN-архитектура

�àå¨â¥ªâãà� á¥â¨ ¢§�¨¬®¤¥©áâ¢¨© à�¡®ç¥© £àã¯¯ë ¬®¦¥â ¡ëâì à¥�«¨§®¢�−�
ç¥à¥§ VLAN (Virtual Local Area Network), ª®â®à�ï à¥�«¨§ã¥âáï ç¥à¥§ ª®¬¬ãâ�â®à,
à�§à¥è�îé¨© ¢§�¨¬®¤¥©áâ¢¨¥ ¢á¥¬ ç«¥−�¬ à�¡®ç¥© £àã¯¯ë. ‚ëå®¤ §� ¯à¥¤¥«ë
â�ª®© á¥â¨ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¬�àèàãâ¨§�â®à�.

Š®à¯®à�â¨¢−�ï á¥âì −� ¡�§¥ VLAN ¯®§¢®«ï¥â à¥�«¨§®¢�âì à�§¡¨¥−¨¥ ª®à¯®-
à�â¨¢−®© á¨áâ¥¬ë −� ¨§®«¨à®¢�−−ë¥ ¤®¬¥−ë.
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3 Архитектурные угрозы

3.1 Транзит вредоносного кода

…á«¨ ¢à¥¤®−®á−ë© ª®¤ ¡ë« ¢−¥á¥− −� ®¤¨− ¨§ å®áâ®¢ ª®à¯®à�â¨¢−®© á¥â¨,
� æ¥«ìî ¢à¥¤®−®á−®£® ¢®§¤¥©áâ¢¨ï ï¢«ï¥âáï æ¥−−�ï ¨−ä®à¬�æ¨ï −� ¤àã£®¬ å®áâ¥,
â®, ¨á¯®«ì§ãï ¢§�¨¬®¤¥©áâ¢¨¥ ¯à¨«®¦¥−¨© ¨ «¥¦�éãî ¯®¤ −¥© á¥â¥¢ãî �àå¨â¥ª-
âãàã, ¢à¥¤®−®á−ë© ª®¤ ¬®¦¥â à�á¯à®áâà�−¨âìáï ¤® −ã¦−®£® å®áâ� ¨ à¥�«¨§®¢�âì
¢à¥¤®−®á−®¥ ¢®§¤¥©áâ¢¨¥.

�à¨¬¥à®¬ â�ª®© ã£à®§ë ï¢«ï¥âáï ¨§¢¥áâ−ë© ç¥à¢ì Stuxnet, ª®â®àë©, ¡ã¤ãç¨
¢−¥¤à¥−−ë¬ á ¯®¬®éìî ä«¥è-−®á¨â¥«ï −� ®¤−ã ¨§ à�¡®ç¨å áâ�−æ¨©, ¤®áâ¨£
á¨áâ¥¬ë ã¯à�¢«¥−¨ï æ¥−âà¨äã£�¬¨ ®¡®£�é¥−¨ï ãà�−� ¢ ˆà�−¥ ¨ ¢ë¢¥« ¨å ¨§
áâà®ï.

3.2 Утечка информации через информационные технологии

‚ ˆ’ ¤«ï à¥è¥−¨ï ®â¤¥«ì−ëå §�¤�ç ¬®¦¥â ¨á¯®«ì§®¢�âìáï æ¥−−�ï ¨−ä®à-
¬�æ¨ï. ‚ à¥�«¨§�æ¨¨ ˆ’ ¬®£ãâ ãç�áâ¢®¢�âì −¥áª®«ìª® ¯à¨«®¦¥−¨© ¨ å®áâ®¢,
¨ æ¥−−�ï ¨−ä®à¬�æ¨ï ¬®¦¥â ¯®¯�áâì −� å®áâ, ª ª®â®à®¬ã ¨¬¥¥â ¤®áâã¯ §«®ã¬ëè-
«¥−−¨ª. �®«ãç¥−¨¥ −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯� §«®ã¬ëè«¥−−¨ª� ª æ¥−−®©
¨−ä®à¬�æ¨¨ ï¢«ï¥âáï ãâ¥çª®© íâ®© ¨−ä®à¬�æ¨¨. ��¯à¨¬¥à, ¥á«¨ á å®áâ� §«®-
ã¬ëè«¥−−¨ª� ¬®¦−® ¯®«ãç¨âì ftp-¤®áâã¯ ª å®áâã á æ¥−−®© ¨−ä®à¬�æ¨¥©, â®
¢¬¥áâ¥ á à�§à¥è¥−−®© ¨−ä®à¬�æ¨¥© §«®ã¬ëè«¥−−¨ª ¬®¦¥â áª�ç�âì ¨ §�¯à¥é¥−-
−ãî æ¥−−ãî ¨−ä®à¬�æ¨î.

4 Задача контроля взаимодействий

‘à¥¤¨ àï¤� äã−ªæ¨®−�«ì−ëå §�¤�ç ¯à¨ ®à£�−¨§�æ¨¨ �àå¨â¥ªâãàë à�á-
¯à¥¤¥«¥−−®© á¨áâ¥¬ë ¨«¨ á¨áâ¥¬ë ¢¨àâã�«¨§�æ¨¨ ¯à¨áãâáâ¢ã¥â §�¤�ç� ¯à®â¨-
¢®¤¥©áâ¢¨ï �àå¨â¥ªâãà−ë¬ ã£à®§�¬. ‚ ç�áâ−®áâ¨, ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì
ª®−âà®«¨à®¢�âì ¢§�¨¬®¤¥©áâ¢¨ï â�ª, çâ®¡ë −¥ ¤®¯ãáâ¨âì ¨«¨ ¬�ªá¨¬�«ì−® §�-
âàã¤−¨âì ¢à¥¤®−®á−ë¥ ¢®§¤¥©áâ¢¨ï ¯à¨ ¢§�¨¬®¤¥©áâ¢¨ïå ª®¬¯®−¥−â®¢ �àå¨â¥ª-
âãàë. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ª®¬¯®−¥−âë ¡®«¥¥ á«®¦−®£® ¢§�¨¬®¤¥©áâ¢¨ï |
íâ® áâàãªâãà−ë¥ í«¥¬¥−âë ¯®«ãç¥−¨ï, ®â¯à�¢ª¨, ¯à¥®¡à�§®¢�−¨ï ¨ ª®−âà®«ï
¨−ä®à¬�æ¨¨, ª®â®àãî ®â¤�îâ ¨ ¯à¨−¨¬�îâ ª®¬¯®−¥−âë −¨§ª®£® ãà®¢−ï �àå¨â¥ª-
âãàë Šˆ‘. ‚§�¨¬®¤¥©áâ¢¨ï á«®¦−ëå ª®¬¯®−¥−â®¢ ¢ à¥�«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï
−¨§ª®£® ãà®¢−ï ¬®£ãâ á®§¤�âì ¨«¨, −�®¡®à®â, §�âàã¤−¨âì à¥�«¨§�æ¨¨ ã£à®§, ¢®§-
−¨ª�îé¨å ¯à¨ −¨§ª®¬ ãà®¢−¥ ¢§�¨¬®¤¥©áâ¢¨©. �¥§®¯�á−®© �àå¨â¥ªâãà®© á«¥¤ã¥â
áç¨â�âì â�ªãî �àå¨â¥ªâãàã, ª®â®à�ï ¢ à�¬ª�å ¤®áâã¯−ëå áà¥¤áâ¢ á−¨¦�¥â à¨áª¨
à¥�«¨§�æ¨¨ �àå¨â¥ªâãà−ëå ã£à®§.

5 Модель контроля взаимодействий

”®à¬�«¨§ã¥¬ ¯®−ïâ¨¥ ¡¥§®¯�á−®© �àå¨â¥ªâãàë. �ã¤¥¬ áç¨â�âì, çâ® −� ¬−®-
¦¥áâ¢¥ V ª®¬¯®−¥−â®¢ à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ®¯à¥¤¥«¥−® ¯®−ïâ¨¥ ®¯�á−®áâ¨

22 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014



�¥§®¯�á−ë¥ �àå¨â¥ªâãàë à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬

¤®áâã¯� §«®ã¬ëè«¥−−¨ª�. ��¯à¨¬¥à, −� ª®¬¯®−¥−â¥ ¯à®é¥ §�ªà¥¯¨âìáï ¢à¥-
¤®−®á−®¬ã ª®¤ã. „«ï á®ªà�é¥−¨ï ¡ã¤¥¬ −�§ë¢�âì ¯®−ïâ¨¥ ®¯�á−®áâ¨ ¤®áâã¯�
§«®ã¬ëè«¥−−¨ª� à¨áª®¬. �à¨ íâ®¬ −¥ª®â®àë¥ ª®¬¯®−¥−âë ®¡«�¤�îâ ¡‚®«ìè¨¬
à¨áª®¬, −¥ª®â®àë¥ ¬¥−ìè¨¬. ��¯à¨¬¥à, ª®¬¯®−¥−âë, á¢ï§�−−ë¥ á ˆ−â¥à−¥â®¬,
®¡«�¤�îâ ¡‚®«ìè¨¬ à¨áª®¬, ç¥¬ ª®¬¯®−¥−âë, −¥ á¢ï§�−−ë¥ á ˆ−â¥à−¥â®¬. �−�-
«®£¨ç−® ¯®−ïâ¨¥ à¨áª®¢ ¢¢®¤¨âáï ¨ −� ¬−®¦¥áâ¢¥ ¢§�¨¬®¤¥©áâ¢¨© E. ��¯à¨¬¥à,
ª�−�«, ¯à®å®¤ïé¨© ¯® §�é¨é¥−−®© â¥àà¨â®à¨¨, ¨¬¥¥â ¬¥−ìè¨© à¨áª, ç¥¬ ª�−�«,
¯à®å®¤ïé¨© ¯® −¥§�é¨é¥−−®© â¥àà¨â®à¨¨. ’�ª¨¬ ®¡à�§®¬, ¨¬¥¥âáï −¥ª®â®à�ï
«¨−¥©−�ï ¨¥à�àå¨ï L1 = {l1 < · · · < lk}, ¢ ª®â®àãî ®â®¡à�¦�îâáï ¢á¥ ª®¬¯®-
−¥−âë �àå¨â¥ªâãàë. �¡®§−�ç¨¬ íâ® ®â®¡à�¦¥−¨¥ ç¥à¥§ f ¨ ¡ã¤¥¬ −�§ë¢�âì ¥£®
äã−ªæ¨¥© à¨áª�, f : V1 ∪ V2 ∪ V3 ∪ V4 → L1. ”ã−ªæ¨ï f ®¯à¥¤¥«¥−� −� å®áâ�å
¨ ®¤−®§−�ç−® ¯à®¤®«¦�¥âáï −� ¬−®¦¥áâ¢� V2, V3 ¨ V4. ‚ à¥è¥−¨¨ ª�¦¤®© §�¤�ç¨
¬®£ãâ ¨á¯®«ì§®¢�âìáï à¥áãàáë à�§«¨ç−ëå å®áâ®¢. ÷¨áª §�¤�ç¨ ®¯à¥¤¥«ï¥âáï ª�ª
¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ à¨áª� å®áâ®¢, ¢§�¨¬®¤¥©áâ¢ãîé¨å ¢ à¥è¥−¨¨ §�¤�ç¨.

�−�«®£¨ç−® â¥å−®«®£¨ï ¯à¨®¡à¥â�¥â §−�ç¥−¨¥ à¨áª�, ¨áå®¤ï ¨§ ¬�ªá¨¬ã¬�
à¨áª®¢ §�¤¥©áâ¢®¢�−−ëå ¢ −¥© §�¤�ç.

Šà®¬¥ â®£®, ¢á¥ ª®¬¯®−¥−âë ª�â¥£®à¨àãîâáï ¯® á¢®¥© æ¥−−®áâ¨, â. ¥. ¨¬¥-
¥âáï −¥ª®â®à�ï «¨−¥©−�ï ¨¥à�àå¨ï L2 = {m1 < m2 < · · · < ms}, ¢ ª®â®àãî
®â®¡à�¦�îâáï ¢á¥ ª®¬¯®−¥−âë �àå¨â¥ªâãàë, ¢ª«îç�ï ª®¬¯®−¥−âë ˆ÷. �¡®-
§−�ç¨¬ íâ® ®â®¡à�¦¥−¨¥ ç¥à¥§ g ¨ ¡ã¤¥¬ −�§ë¢�âì ¥£® äã−ªæ¨¥© æ¥−−®áâ¥©,
g : Véò ∪ · · · ∪ V4 → L2. ��¯à¨¬¥à, ª®¬¯®−¥−âë, ¢ ª®â®àëå −�å®¤ïâáï ªà¨¯â®-
£à�ä¨ç¥áª¨¥ ª«îç¨ ¨«¨ ª«îç¨ í«¥ªâà®−−®© ¯®¤¯¨á¨, ï¢«ïîâáï ¡®«¥¥ æ¥−−ë¬¨,
ç¥¬ ª®¬¯®−¥−âë á ®âªàëâ®© á¯à�¢®ç−®© ¨−ä®à¬�æ¨¥©. �¥®¡å®¤¨¬® ®â¬¥â¨âì,
çâ® äã−ªæ¨ï g æ¥−−®áâ¨ ¨−ä®à¬�æ¨¨ ¤®«¦−� ¡ëâì ®¯à¥¤¥«¥−� ¤«ï ¢á¥å ˆ÷.
“à®¢¥−ì æ¥−−®áâ¨ ª®¬¯®−¥−â� ¥áâ¥áâ¢¥−−® ®¯à¥¤¥«ï¥âáï ª�ª ¬�ªá¨¬ã¬ æ¥−−®áâ¨
ˆ÷, −�å®¤ïé¨åáï ¨«¨ ¨á¯®«ì§ã¥¬ëå ¢ íâ®¬ ª®¬¯®−¥−â¥. ’�ª¨¬ ®¡à�§®¬, ¢á¥
ª®¬¯®−¥−âë ¨¥à�àå¨¨ ¯à¨®¡à¥â�îâ æ¥−−®áâì. “à®¢¥−ì æ¥−−®áâ¨ −®¢®£® ˆ÷ ®¯à¥-
¤¥«ï¥âáï, ª�ª ¯à�¢¨«®, ãà®¢−¥¬ æ¥−−®áâ¨ ¢ â®¬ ¬¨−¨¬�«ì−®¬ ¢ ¨¥à�àå¨ç¥áª®©
¤¥ª®¬¯®§¨æ¨¨ ª®¬¯®−¥−â¥, ¢ ª®â®à®¬ íâ®â à¥áãàá á®§¤�−.

�� ®á−®¢�−¨¨ ¢ëè¥¨§«®¦¥−−®£® ª®−æ¥¯æ¨ï ¡¥§®¯�á−®áâ¨ �àå¨â¥ªâãàë á®-
áâ®¨â ¢ ¬¨−¨¬¨§�æ¨¨ ¨«¨ ãáâà�−¥−¨¨ ¢§�¨¬®¤¥©áâ¢¨© ¢ëá®ª®à¨áª®¢ëå ª®¬¯®-
−¥−â®¢ á ¢ëá®ª®æ¥−−ë¬¨ ª®¬¯®−¥−â�¬¨.

�ãáâì f0 ¨ g0 | −¥ª®â®àë¥ ¯®à®£®¢ë¥ §−�ç¥−¨ï ¨§ L1 ¨ L2 á®®â¢¥âáâ¢¥−−®.
’®£¤� ¢ ¡¥§®¯�á−®© �àå¨â¥ªâãà¥ ˆ‘ §�¯à¥é¥−ë ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢,
¨¬¥îé¨å f ≥ f0 ¨ g ≥ g0. ‚§�¨¬®¤¥©áâ¢¨ï, −¥ ï¢«ïîé¨¥áï §�¯à¥é¥−−ë¬¨,
¡ã¤¥¬ −�§ë¢�âì ¡¥§®¯�á−ë¬¨ ¢§�¨¬®¤¥©áâ¢¨ï¬¨.

‘ ¯®¬®éìî ¯®à®£®¢ëå ãà®¢−¥© ®¯à¥¤¥«ïîâáï ¢ëá®ª®à¨áª®¢ë¥ ¨ ¢ëá®ª®æ¥−-
−ë¥ ª®¬¯®−¥−âë à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë. �àå¨â¥ªâãà� ˆ‘ ¬®¦¥â áç¨â�âìáï
¡¥§®¯�á−®©, ¥á«¨ ¢ −¥© −¥â ¯àï¬ëå ¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã ¢ëá®ª®à¨áª®¢ë¬¨
¨ ¢ëá®ª®æ¥−−ë¬¨ ª®¬¯®−¥−â�¬¨, â. ¥. ¢ëá®ª¨¥ §−�ç¥−¨ï f ¨ ¢ëá®ª¨¥ §−�ç¥−¨ï g
¤«ï ¢§�¨¬®¤¥©áâ¢ãîé¨å ª®¬¯®−¥−â®¢ −¥¤®¯ãáâ¨¬ë.

�¤−�ª® ¨−®£¤� ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì â�ª®£® −¥à�§à¥è¥−−®£® ¢§�¨¬®¤¥©-
áâ¢¨ï. ��¯à¨¬¥à, å®áâ ®¡«�¤�¥â ˆ÷ ¢ëá®ª®© ¨ −¨§ª®© æ¥−−®áâ¨. �¥á¬®âàï −� â®

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014 23



�. �. ƒàãè®, �. �. ƒàãè®, …. …. ’¨¬®−¨−�, ‘. Ÿ. ˜®à£¨−

çâ® å®áâ ¯à¨ íâ®¬ ¬®¦¥â ¨¬¥âì ¢ëá®ª¨© ãà®¢¥−ì æ¥−−®áâ¨, ˆ÷ ¢ −¥¬, ¨¬¥îé¨¥
−¨§ªãî æ¥−−®áâì, ¬®£ãâ ¡ëâì ¯¥à¥¤�−ë ¤àã£¨¬ å®áâ�¬ á ¢ëá®ª¨¬ à¨áª®¬. …á«¨
â�ª®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ®áãé¥áâ¢«ï¥âáï ¯àï¬® ¬¥¦¤ã å®áâ�¬¨, â® íâ® −�àãè�¥â
®á−®¢−®© ¯à¨−æ¨¯ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ �àå¨â¥ªâãàë. �¤−�ª® ¬®¦-
−® ¢¢¥áâ¨ ¯à®¬¥¦ãâ®ç−®¥ §¢¥−® (á¥à¢¥à ¡¥§®¯�á−®áâ¨), ª®â®à®¥ ¬®¦¥â ®æ¥−¨âì
ãà®¢¥−ì ¯¥à¥¤�¢�¥¬®© ¨−ä®à¬�æ¨¨, ¨ ¥á«¨ íâ®â ãà®¢¥−ì ¤®áâ�â®ç−® −¨§ª¨©, â®
á¥à¢¥à ¡¥§®¯�á−®áâ¨ ¬®¦¥â ¯¥à¥¤�âì íâ®â à¥áãàá å®áâã á ¢ëá®ª¨¬ à¨áª®¬. …á«¨
à�¡®âã á¥à¢¥à� ¡¥§®¯�á−®áâ¨ ¬®¦−® áç¨â�âì ¯à�¢¨«ì−®©, ®¡«�¤�îé¥© ¯®«−®â®©
¨ −¥¯à®â¨¢®à¥ç¨¢®áâìî, â® ãâ¥çª¨ æ¥−−®© ¨−ä®à¬�æ¨¨ ª ¢ëá®ª®à¨áª®¢ë¬ å®áâ�¬
¡ëâì −¥ ¬®¦¥â.

‘¥à¢¥à ¡¥§®¯�á−®áâ¨ ¬®¦¥â ¢ëáâã¯�âì â�ª¦¥ ª�ª áà¥¤áâ¢® á−¨¦¥−¨ï à¨áª�.
�à¨ íâ®¬ ¯¥à¥¤�ç� ˆ÷ ®â ¢ëá®ª®à¨áª®¢®£® å®áâ� ¢ å®áâ ¢ëá®ª®© æ¥−−®áâ¨ ç¥à¥§
á¥à¢¥à ¡¥§®¯�á−®áâ¨ ¬®¦¥â ¡ëâì ¯à¨§−�−� ¤®¯ãáâ¨¬®©.

6 Модели взаимодействия высокоценных компонентов
с высокорисковыми компонентами

Š�ª ®â¬¥ç�«®áì ¢ëè¥, −¥ª®â®àë¥ §�¯à¥é¥−−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï ¬®¦−® ®áãé¥-
áâ¢«ïâì ç¥à¥§ á¥à¢¥àë ¡¥§®¯�á−®áâ¨. ÷�áá¬®âà¨¬ ¯à¨¬¥àë â�ª¨å ¢§�¨¬®¤¥©áâ¢¨©
¯à¨ ¨á¯®«ì§®¢�−¨¨ á¥à¢¥à� ¡¥§®¯�á−®áâ¨.

6.1 Гомоморфизмы ценной информации

–¥−−®áâì ¨−ä®à¬�æ¨¨ ¬®¦¥â á−¨¦�âìáï, ¥á«¨ à�áá¬�âà¨¢�âì −¥ª®â®àë¥
äã−ªæ¨¨ ®â æ¥−−ëå ˆ÷. ˜¨à®ª® ¨§¢¥áâ−® á®¯à®¢®¦¤¥−¨¥ â¥ªáâ®¢®£® ˆ÷ ¤¢ã¬ï
äã−ªæ¨ï¬¨:

(1) §�£®«®¢®ª æ¥−−®£® ˆ÷ ¬®¦¥â ¨¬¥âì ¬¥−ìèãî æ¥−−®áâì, ç¥¬ ¢¥áì â¥ªáâ;

(2) �−−®â�æ¨ï æ¥−−®£® â¥ªáâ®¢®£® à¥áãàá� ¬®¦¥â ¨¬¥âì ¬¥−ìèãî æ¥−−®áâì, ç¥¬
¨áå®¤−ë© à¥áãàá.

–¥−−®áâì ˆ÷ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ ¬¥âª¨, −¥®â¤¥«¨¬®© ®â à¥áãàá�.
�−�«®£¨ç−® äã−ªæ¨¨ ®â ˆ÷ (§�£®«®¢®ª, �−−®â�æ¨ï) ¬®£ãâ ¨¬¥âì ®â¤¥«ì−ë¥
¬¥âª¨ æ¥−−®áâ¨. ‚¯¥à¢ë¥ ¨á¯®«ì§®¢�−¨¥ ¬¥â®ª, −¥®â¤¥«¨¬ëå ®â à¥áãàá�, ¡ë«®
¯à¥¤«®¦¥−® ¢ [1]. �� å®áâ¥ ¬®¦¥â −�å®¤¨âìáï −¥¯®¬¥ç¥−−�ï ¨−ä®à¬�æ¨ï, ª®â®à�ï
¯à¨ ¯¥à¥¤�ç¥ ¯à¨®¡à¥â�¥â æ¥−−®áâì å®áâ�.

�à¨ ®¡à�é¥−¨¨ ¢ëá®ª®à¨áª®¢®£® ª®¬¯®−¥−â� ª ¢ëá®ª®æ¥−−®¬ã ª®¬¯®−¥−âã §�
¢ëá®ª®æ¥−−ë¬ ˆ÷ ¢ ®â¢¥â ¬®¦¥â ¡ëâì ¯à¥¤«®¦¥−� äã−ªæ¨ï ®â ¨áå®¤−®£® à¥áãà-
á�, ¨¬¥îé�ï ¬¥−ìèãî æ¥−−®áâì. ‘¥à¢¥à ¡¥§®¯�á−®áâ¨ ¯à®¢¥àï¥â ¤®¯ãáâ¨¬®áâì
¯¥à¥¤�ç¨ äã−ªæ¨¨ ®â à¥áãàá� ¢ëá®ª®à¨áª®¢®¬ã ª®¬¯®−¥−âã. …á«¨ â�ª®¥ ¢§�¨¬®-
¤¥©áâ¢¨¥ ¤®¯ãáâ¨¬® ¯® ¯à�¢¨«�¬ ¡¥§®¯�á−®áâ¨ �àå¨â¥ªâãàë, â® íâ� ¨−ä®à¬�æ¨ï
¯¥à¥¤�¥âáï ¢ëá®ª®à¨áª®¢®¬ã ª®¬¯®−¥−âã. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¢§�¨¬®¤¥©áâ¢¨¥
áç¨â�¥âáï −¥¤®¯ãáâ¨¬ë¬.
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6.2 Статистические данные

˜¨à®ª® ¨§¢¥áâ−ë¬ ¬¥â®¤®¬ ¯®áâà®¥−¨ï äã−ªæ¨¨ á ¬¥−ìè¨¬ §−�ç¥−¨¥¬ æ¥−-
−®áâ¨ ï¢«ïîâáï áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ®â æ¥−−ëå à¥áãàá®¢. �â®â ¬¥â®¤ ç�áâ®
¯à¨¬¥−ï¥âáï ¢ ¬¥¤¨æ¨−áª¨å ãçà¥¦¤¥−¨ïå ¤«ï ®§−�ª®¬«¥−¨ï è¨à®ª¨å á«®¥¢ ¯à�ª-
â¨ªãîé¨å ¢à�ç¥© á ¤�−−ë¬¨ ¯® ¯à¨¬¥−¥−¨î −®¢ëå «¥ª�àáâ¢¥−−ëå ¯à¥¯�à�â®¢.
„¨�£−®§ ª®−ªà¥â−®£® ç¥«®¢¥ª� ¨ ®á®¡¥−−®áâì ¯à®â¥ª�−¨ï ¥£® ¡®«¥§−¨ ï¢«ïîâáï
æ¥−−®© ¨−ä®à¬�æ¨¥©. ‘â�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ¯® ¯à¨¬¥−¥−¨î «¥ç¥¡−ëå ¯à¥¯�-
à�â®¢ −¥ á®¤¥à¦�â ¯¥àá®−�«ì−ëå ¤�−−ëå ¨ ¬®£ãâ ¯¥à¥¤�¢�âìáï ¢ëá®ª®à¨áª®¢ë¬
ª®¬¯®−¥−â�¬ à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬.

‚¯¥à¢ë¥ ¨á¯®«ì§®¢�−¨¥ áâ�â¨áâ¨ª¨ ¤«ï á−¨¦¥−¨ï æ¥−−®áâ¨ ˆ÷ ¡ë«® ¯à¥¤-
«®¦¥−® ¢ [4].

6.3 Шифрование

�à¨ ¨á¯®«ì§®¢�−¨¨ ¢ëá®ª®à¨áª®¢ëå ª�−�«®¢ á¢ï§¨ (â�ª¦¥ ª®¬¯®−¥−â®¢ á¥-
â¨), −�¯à¨¬¥à ¯à®å®¤ïé¨å ç¥à¥§ −¥§�é¨é¥−−ãî â¥àà¨â®à¨î, ¢ ª�ç¥áâ¢¥ ¬¥â®¤�
á−¨¦¥−¨ï à¨áª� ¨á¯®«ì§ã¥âáï è¨äà®¢�−¨¥. –¥−−�ï ¨−ä®à¬�æ¨ï ¢ §�è¨äà®¢�−-
−®¬ ¢¨¤¥ ¬®¦¥â ¯¥à¥¤�¢�âìáï ¯® −¥§�é¨é¥−−®¬ã ª�−�«ã. �à¨ íâ®¬ −� ¯à¨¥¬−®¬
ª®−æ¥ ¨áå®¤−�ï æ¥−−�ï ¨−ä®à¬�æ¨ï ¬®¦¥â ¡ëâì ¢®ááâ�−®¢«¥−� ¡¥§ ¯®â¥àì.

‚ ¯¥àá¯¥ªâ¨¢¥ ¤«ï ¢ëç¨á«¥−¨ï äã−ªæ¨© ¬®¦−® ¨á¯®«ì§®¢�âì ¨áªãááâ¢¥−−ë©
¨−â¥««¥ªâ. ��¯à¨¬¥à, ¢ë¤¥«ïâì ¢ ˆ÷ ç�áâ¨, ª®â®àë¥ ¬®¦−® ¨á¯®«ì§®¢�âì
¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ á ¢ëá®ª®à¨áª®¢ë¬¨ ª®¬¯®−¥−â�¬¨, −¥ −�àãè�ï ¯à�¢¨«�
¡¥§®¯�á−®© �àå¨â¥ªâãàë.

6.4 Снижение рисков

„«ï ¡¥§®¯�á−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ëá®ª®à¨áª®¢ëå ª®¬¯®−¥−â®¢ á ¢ëá®ª®-
æ¥−−ë¬¨ ¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë á−¨¦¥−¨ï à¨áª®¢, ª®â®àë¥ à¥�«¨§ãîâáï
á ¯®¬®éìî á¥à¢¥à� ¡¥§®¯�á−®áâ¨. �à¨¢¥¤¥¬ ¯à¨¬¥à.

…á«¨ ¢ëá®ª®à¨áª®¢ë© ª®¬¯®−¥−â ®¡à�é�¥âáï ª ¢ëá®ª®æ¥−−®¬ã ª®¬¯®−¥−âã
á §�¯à®á®¬ −� à¥è¥−¨¥ æ¥−−®© §�¤�ç¨, à¥§ã«ìâ�â à¥è¥−¨ï ª®â®à®© −¥ ï¢«ï¥âáï
æ¥−−ë¬, â® á¥à¢¥à ¡¥§®¯�á−®áâ¨ ¬®¦¥â à¥�«¨§®¢�âì ¨§®«¨à®¢�−−ãî áà¥¤ã, ªã¤�
¡ã¤ãâ ¢−¥á¥−ë ãá«®¢¨ï á ¢ëá®ª®à¨áª®¢ëå ª®¬¯®−¥−â®¢ ¨ æ¥−−�ï ¨−ä®à¬�æ¨ï ¤«ï
à¥è¥−¨ï æ¥−−®© §�¤�ç¨. ÷¥§ã«ìâ�â ¬®¦¥â ¡ëâì ¯¥à¥¤�− ¢ ¢ëá®ª®à¨áª®¢ë© ª®¬-
¯®−¥−â, � ¨§®«¨à®¢�−−�ï áà¥¤� ¢¬¥áâ¥ á® ¢á¥© ¨−ä®à¬�æ¨¥© ã−¨çâ®¦¥−�. ‚ íâ®¬
á«ãç�¥ ¢§�¨¬®¤¥©áâ¢¨¥ æ¥−−ëå ª®¬¯®−¥−â®¢ á ¢ëá®ª®à¨áª®¢ë¬¨ ª®¬¯®−¥−â�¬¨
¨áª«îç�¥âáï.

7 Снижение рисков для серверов безопасности

…áâ¥áâ¢¥−−®, ¢®§−¨ª�¥â ¢®¯à®á ® ¡¥§®¯�á−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨© á á¥à¢¥à®¬
¡¥§®¯�á−®áâ¨. �¤¨− ¨§ ¯à¨¥¬®¢ ¤«ï áãé¥áâ¢¥−−®£® §�âàã¤−¥−¨ï ¢à¥¤®−®á−®£®
¢®§¤¥©áâ¢¨ï −� á¥à¢¥à ¡¥§®¯�á−®áâ¨ ¢ ¢¨àâã�«ì−ëå áà¥¤�å | íâ® ¨å à�§¬¥é¥−¨¥
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�. �. ƒàãè®, �. �. ƒàãè®, …. …. ’¨¬®−¨−�, ‘. Ÿ. ˜®à£¨−

−� ¡®«¥¥ −¨§ª¨å ãà®¢−ïå ¨¥à�àå¨¨ ¢¨àâã�«ì−ëå á¨áâ¥¬. ��¯à¨¬¥à, −� ãà®¢-
−¥ £¨¯¥à¢¨§®à� ¨«¨ −ã«¥¢®£® ¤®¬¥−�. ‚ à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬�å −¥®¡å®¤¨¬®
¨§®«¨à®¢�−−®¥ à�§¬¥é¥−¨¥ á¥à¢¥à®¢ ¡¥§®¯�á−®áâ¨ −� ®â¤¥«ì−ëå å®áâ�å ¨ ¨á¯®«ì-
§®¢�−¨¥ ¡¥§®¯�á−ëå ¯à®â®ª®«®¢ ¢§�¨¬®¤¥©áâ¢¨ï. ‚®§¬®¦−ë ¤àã£¨¥ à¥è¥−¨ï.

8 Свойства безопасных архитектур

ˆ§ ¬−®¦¥áâ¢� ª®¬¯®−¥−â®¢ á®¡¨à�îâáï −®¢ë¥ ª®¬¯®−¥−âë −¥ ¬¥−¥¥ ¢ëá®ª®£®
ãà®¢−ï ¢ ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨. ’�ª¨¬ ®¡à�§®¬, «î¡®© ª®¬¯®−¥−â à�á-
¯à¥¤¥«¥−−®© ˆ‘ á â®çª¨ §à¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë á®áâ®¨â ¨§ ¬−®¦¥áâ¢�
å®áâ®¢, «®£¨ç¥áª¨å ª�−�«®¢ ¬¥¦¤ã −¨¬¨ ¨ ¬−®¦¥áâ¢� ˆ÷. �®íâ®¬ã äã−ªæ¨¨ f
¨ g −¥ ¬®£ãâ ®¯à¥¤¥«ïâìáï −� ¢á¥å ª®¬¯®−¥−â�å ¯à®¨§¢®«ì−®, §−�ç¥−¨ï ª�¦¤®©
¨§ íâ¨å äã−ªæ¨© §�¢¨áïâ á«¥¤ãîé¨¬ ®¡à�§®¬. �ãáâì ª®¬¯®−¥−â K á®¤¥à¦¨â
¬−®¦¥áâ¢® å®áâ®¢ “V ¨ ¬−®¦¥áâ¢® ¢§�¨¬®¤¥©áâ¢¨© å®áâ®¢ “E, â®£¤�

f(K) = max
x∈ “V

f(x) . (1)

�−�«®£¨ç−®
g(K) = max

x∈ “V
g(x) . (2)

Š®¬¯®−¥−â K ª®àà¥ªâ−® ®¯à¥¤¥«¥−, ¥á«¨ ¢á¥ ¢§�¨¬®¤¥©áâ¢¨ï ¢ −¥¬ ¡¥§®¯�á−ë.
’�ª¨¬ ®¡à�§®¬, ¢ ¡¥§®¯�á−®© �àå¨â¥ªâãà¥ ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ¯à�¢¨«�:

{ à¨áª (æ¥−−®áâì) ª®àà¥ªâ−® ®¯à¥¤¥«¥−−®£® ª®¬¯®−¥−â� à�¢¥− ¬�ªá¨¬�«ì−®-
¬ã ¨§ à¨áª®¢ (æ¥−−®áâ¥©) á®áâ�¢−ëå ª®àà¥ªâ−® ®¯à¥¤¥«¥−−ëå ª®¬¯®−¥−â®¢.
�¡®§−�ç¨¬ íâ® ¯à�¢¨«® (∗);

{ ¥á«¨ ¤«ï §�¯à¥é¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¤¢ãå ª®àà¥ªâ−® ®¯à¥¤¥«¥−−ëå ª®¬-
¯®−¥−â®¢ à¨áª −¥«ì§ï á−¨§¨âì ¨«¨ −¥«ì§ï ¨á¯®«ì§®¢�âì ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï
ˆ‘ ¡®«¥¥ −¨§ª®© æ¥−−®áâ¨ ¢ ¢ëá®ª®æ¥−−®¬ ª®¬¯®−¥−â¥, â® ¢§�¨¬®¤¥©áâ¢¨¥
â�ª¨å ª®¬¯®−¥−â®¢ §�¯à¥é¥−®. �¡®§−�ç¨¬ íâ® ¯à�¢¨«® (∗∗).

’¥¯¥àì ¬®¦−® −�¯¨á�âì ä®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥ ¡¥§®¯�á−®© �àå¨â¥ªâãàë ˆ‘.

�¯à¥¤¥«¥−¨¥. ÷�á¯à¥¤¥«¥−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨¬¥¥â ¡¥§®¯�á−ãî �à-
å¨â¥ªâãàã â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¤«ï «î¡ëå ¤¢ãå ª®àà¥ªâ−® ®¯à¥¤¥«¥−−ëå
ª®¬¯®−¥−â®¢ Vi, Vj ∈ V ¨ §�¤�−−ëå ¯®à®£®¢ëå §−�ç¥−¨© f0, g0, ¥á«¨ f(Vi) ≥ f0,
g(Vj) ≥ g0, â® ¢ë¯®«−ï¥âáï ãá«®¢¨¥ (∗∗) ¨ −¥ª®àà¥ªâ−ëå ª®¬¯®−¥−â®¢ ¢ ˆ‘ −¥â.

“â¢¥à¦¤¥−¨¥ 1. …á«¨ à�á¯à¥¤¥«¥−−�ï ˆ‘ áâà®¨âáï −� ¡�§¥ á¥â¨, ¤«ï ª®â®à®©
¢ë¯®«−¥−® ãá«®¢¨¥ (∗∗), � §−�ç¥−¨ï äã−ªæ¨© f ¨ g ¤«ï ª®¬¯®−¥−â®¢ ¢ëç¨á«ï-
îâáï ¯® ¯à�¢¨«ã (∗), â® «î¡ë¥ ª®¬¯®−¥−âë ¢ à�á¯à¥¤¥«¥−−®© ˆ‘ ª®àà¥ªâ−®
®¯à¥¤¥«¥−ë ¨ ¤«ï «î¡®© ¯�àë ¨§ −¨å ¢ë¯®«−ï¥âáï ãá«®¢¨¥ (∗∗).

„ ® ª � § � â ¥ « ì á â ¢ ® . �à®¨§¢®«ì−ë© ª®¬¯®−¥−â K, á®¤¥à¦�é¨© ¬−®¦¥áâ¢®
å®áâ®¢ “V ¨ ¬−®¦¥áâ¢® ¢§�¨¬®¤¥©áâ¢¨© å®áâ®¢ “E, á®¤¥à¦¨â ¤¢� ª®¬¯®−¥−â� Vi
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¨ Vj. „«ï ª�¦¤®£® ¨§ −¨å ¢ë¯®«−ïîâáï ãá«®¢¨ï (1) ¨ (2). …á«¨ ¤«ï ¬�ªá¨¬ã¬®¢
á®áâ�¢−ëå ª®¬¯®−¥−â®¢ −¥â §�¯à¥é¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (¯® ãá«®¢¨î (∗∗)),
â® ¨å −¥â ¤«ï å®áâ®¢, ¢å®¤ïé¨å ¢ íâ¨ ª®¬¯®−¥−âë, ¨ ¤«ï §�¤¥©áâ¢®¢�−−ëå
ˆ÷. …á«¨ ª®¬¯®−¥−â K −¥ª®àà¥ªâ−® ®¯à¥¤¥«¥−, â® â®£¤� ¢ −¥¬ ¬¥¦¤ã ª�-
ª¨¬¨-â® ª®¬¯®−¥−â�¬¨ Vi ¨ Vj ¥áâì §�¯à¥é¥−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥. ’®£¤� ¨§
ª®−¥ç−®áâ¨ á®áâ�¢� ª®¬¯®−¥−â®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨© ¤®«¦−� áãé¥áâ¢®¢�âì ¯�à�
å®áâ®¢, ¨¬¥îé¨å §�¯à¥é¥−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥. �â® ¯à®â¨¢®à¥ç¨â ãá«®¢¨î.

�â® à�ááã¦¤¥−¨¥ ¬®¦−® ¯®¢â®à¨âì ¤«ï «î¡®© ¯�àë ª®¬¯®−¥−â®¢ ¨§ V .
�®íâ®¬ã ãá«®¢¨¥ (∗∗) ¢ à�á¯à¥¤¥«¥−−®© ˆ‘ ¢ë¯®«−ï¥âáï.

“â¢¥à¦¤¥−¨¥ 2. ÷�á¯à¥¤¥«¥−−�ï ˆ‘ ®¡«�¤�¥â ¡¥§®¯�á−®© �àå¨â¥ªâãà®© â®£¤�
¨ â®«ìª® â®£¤�, ª®£¤� ®−� áâà®¨âáï −� ¡�§¥ á¥â¨, ¤«ï ª®â®à®© ¢ë¯®«−¥−®
ãá«®¢¨¥ (∗∗), � §−�ç¥−¨ï äã−ªæ¨© f ¨ g ¤«ï ª®¬¯®−¥−â®¢ ¢ëç¨á«ïîâáï ¯®
¯à�¢¨«ã (∗).

„ ® ª � § � â ¥ « ì á â ¢ ® . „®áâ�â®ç−®áâì á«¥¤ã¥â ¨§ ãâ¢¥à¦¤¥−¨ï 1 ¨ ®¯à¥¤¥«¥−¨ï
¡¥§®¯�á−®© �àå¨â¥ªâãàë.

�¥®¡å®¤¨¬®áâì. ‚ë¯®«−¥−¨¥ ãá«®¢¨ï (∗) á«¥¤ã¥â ¨§ ®¯à¥¤¥«¥−¨ï ¡¥§®¯�á−®©
�àå¨â¥ªâãàë. ‚ë¯®«−¥−¨¥ ãá«®¢¨ï (∗∗) ¤«ï á¥â¨ á«¥¤ã¥â ¨§ â®£®, çâ® «î¡ë¥
¢§�¨¬®¤¥©áâ¢¨ï ¢ á¨áâ¥¬¥, ¢ â®¬ ç¨á«¥ ¢ á¥â¨, ¡¥§®¯�á−ë.

‘«¥¤áâ¢¨¥ 1. �ãáâì à�á¯à¥¤¥«¥−−�ï ˆ‘ ®¡«�¤�¥â ¡¥§®¯�á−®© �àå¨â¥ªâãà®©.
’®£¤� ¨áª«îç¥−¨¥ ¨«¨ ¤®¡�¢«¥−¨¥ −®¢ëå ª®¬¯®−¥−â®¢ ®áâ�¢«ï¥â �àå¨â¥ªâãàã
á¨áâ¥¬ë ¡¥§®¯�á−®©.

‘«¥¤áâ¢¨¥ ¯®ª�§ë¢�¥â, ¯à¨ ª�ª¨å ãá«®¢¨ïå ¢ à�á¯à¥¤¥«¥−−ãî ˆ‘ ¬®¦−®
¡¥§®¯�á−® ¢−®á¨âì −®¢ë¥ §�¤�ç¨ ¨ ˆ’ ¨«¨ ¢−®á¨âì ¤àã£¨¥ ¨§¬¥−¥−¨ï.

9 Примеры безопасных архитектур

9.1 Простейшая безопасная архитектура на базе виртуализации

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬−®£¨¥ æ¥−âà�«ì−ë¥ ¯à®æ¥áá®àë ¯®¤¤¥à¦¨¢�îâ ¢¨à-
âã�«¨§�æ¨î. ˆ§®«ïæ¨ï ¤®¬¥−®¢ ¯à¥¤¯®«�£�¥â ¨§®«ïæ¨î ¤®áâã¯−ëå à�§¤¥«®¢
¯�¬ïâ¨, ¨§®«ïæ¨î ¯à®æ¥áá®¢ ¨ ¯®â®ª®¢, ¨§®«ïæ¨î ¢§�¨¬®¤¥©áâ¢¨© á à�§«¨ç−ë¬¨
ãáâà®©áâ¢�¬¨ ¢¢®¤�{¢ë¢®¤�. ‚ á¢ï§¨ á íâ¨¬ ¢®§¬®¦−® á®§¤�−¨¥ ¨§®«¨à®¢�−−ëå
¢¨àâã�«ì−ëå ¤®¬¥−®¢, à�§¤¥«ïîé¨å ¯®¤£®â®¢ªã ¯«�â¥¦−ëå ¤®ªã¬¥−â®¢ ¨ à�¡®âã
á ¤àã£®© æ¥−−®© ¨−ä®à¬�æ¨¥© ¢ ®¤−¨å ¤®¬¥−�å, � ¢§�¨¬®¤¥©áâ¢¨¥ á ˆ−â¥à−¥â®¬ |
¢ ¤àã£¨å ¤®¬¥−�å. �®áª®«ìªã ¨−ä®à¬�æ¨®−−ë© ®¡¬¥− ç¥à¥§ ˆ−â¥à−¥â ï¢«ï¥âáï
ãï§¢¨¬ë¬ (¢¨àãáë, ¢à¥¤®−®á−ë© ª®¤ ¨ ¤à.), � ¨−ä®à¬�æ¨ï, á¢ï§�−−�ï á ãáâ�−®¢-
ª®© í«¥ªâà®−−®© ¯®¤¯¨á¨, á®áâ�¢«¥−¨¥¬ ¯«�â¥¦−ëå ¤®ªã¬¥−â®¢, ¬®¦¥â −�−¥áâ¨
¯®«ì§®¢�â¥«î ¡®«ìè®© ãé¥à¡, â® æ¥«¥á®®¡à�§−® à�¡®â�âì á ¡®«¥¥ æ¥−−®© ¨−ä®à-
¬�æ¨¥© ¢ ®¤−®¬ ¤®¬¥−¥, � á ¬¥−¥¥ æ¥−−®© ¨−ä®à¬�æ¨¥© | ¢ ¤àã£®¬. ‚ â®¬ ç¨á«¥
¯à¨ ¢ëå®¤¥ ¢ £«®¡�«ì−ãî á¥âì æ¥«¥á®®¡à�§−® à�¡®â�âì ¢ ¤àã£®¬ ¨§®«¨à®¢�−−®¬
¢¨àâã�«ì−®¬ ¤®¬¥−¥, áãé¥áâ¢¥−−® §�âàã¤−ïï ¤®áâã¯ ª ¡®«¥¥ æ¥−−®© ¨−ä®à¬�æ¨¨.
’�ª®¥ à�§£à�−¨ç¥−¨¥ ¤®áâã¯� −¥®¡å®¤¨¬® ¢ ¨−â¥à¥á�å ¯®«ì§®¢�â¥«ï.
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’�ª ª�ª ¯®¤®¡−�ï ¨§®«ïæ¨ï ¯à®¨áå®¤¨â −� ãà®¢−¥ £¨¯¥à¢¨§®à®¢, â® ¢ â�ª¨å
¯à¨«®¦¥−¨ïå ¬®¡¨«ì−ëå á¨áâ¥¬, ª�ª ¤¨áâ�−æ¨®−−®¥ ¡�−ª®¢áª®¥ ®¡á«ã¦¨¢�−¨¥,
®¯«�â� ãá«ã£ ¦¨«¨é−®-ª®¬¬ã−�«ì−®£® å®§ï©áâ¢�, BYOD, ¢®§¬®¦−® ®¡¥á¯¥ç¥−¨¥
¤®áâ�â®ç−®© §�é¨âë æ¥−−®© ¨−ä®à¬�æ¨¨ ®â �â�ª ¨§ £«®¡�«ì−®© á¥â¨ ¨«¨ ¨§
−¥á�−ªæ¨®−¨à®¢�−−ëå −®á¨â¥«¥© ¯�¬ïâ¨.

‚¬¥áâ¥ á â¥¬ ¤�−−®¥ à¥è¥−¨¥ ï¢«ï¥âáï ¯à®£à�¬¬−ë¬, çâ® ®¯à¥¤¥«ï¥â ¥£®
−¨§ªãî áâ®¨¬®áâì ¯à¨ ¬�áá®¢®¬ ¯à¨¬¥−¥−¨¨. �â¬¥â¨¬, çâ® ª�¦¤�ï ®â¤¥«ì−�ï
¢¨àâã�«ì−�ï ®¯¥à�æ¨®−−�ï á¨áâ¥¬� á ¯à¨«®¦¥−¨ï¬¨ −¥¡¥§®¯�á−� ¤«ï �â�ª ¨§
á¥â¨ ¨ áê¥¬−ëå −®á¨â¥«¥©. �¤−�ª® ¢ ãª�§�−−®© �àå¨â¥ªâãà¥ ã¤�«®áì ¯®«ãç¨âì
®¡é¥¥ ¯®¢ëè¥−¨¥ ¡¥§®¯�á−®áâ¨ á®¢®ªã¯−®© á¨áâ¥¬ë, â. ¥. á ¯®¬®éìî �àå¨â¥ªâãàë
¢¨àâã�«ì−ëå á¨áâ¥¬ ¬®¦−® ¯®áâà®¨âì ¡®«¥¥ ¡¥§®¯�á−ãî á¨áâ¥¬ã, ç¥¬ ¨áå®¤−�ï
á¨áâ¥¬�.

“áâ�−®¢¨¬ á®®â¢¥âáâ¢¨¥ á à�−¥¥ ¢¢¥¤¥−−ë¬¨ ¯®−ïâ¨ï¬¨. ˆ¥à�àå¨¨ L1 =
= L2 á®áâ®ïâ ¨§ ¤¢ãå ãà®¢−¥©. ‚ëá®ª¨© à¨áª | íâ® á¢ï§ì å®áâ� á ˆ−â¥à−¥â®¬,
−¨§ª¨© | ®âáãâáâ¢¨¥ á¢ï§¨ á ˆ−â¥à−¥â®¬. ‚ëá®ª�ï æ¥−−®áâì ˆ÷ | ¯¥àá®−�«ì−ë¥
¤�−−ë¥, ¢ª«îç�ï í«¥ªâà®−−ãî ¯®¤¯¨áì, «¨ç−ë© �àå¨¢ ¨ ¤à., −¨§ª�ï æ¥−−®áâì |
®¡é¥¤®áâã¯−�ï ¨−ä®à¬�æ¨ï ¨«¨ ¨−ä®à¬�æ¨ï, −¥ ¯à¥¤áâ�¢«ïîé�ï æ¥−−®áâ¨ ¤«ï
¯®«ì§®¢�â¥«ï. ‚ ¢ëá®ª®æ¥−−®¬ ª®¬¯®−¥−â¥ æ¥−−ë¥ ˆ÷ ¬®£ãâ ¯®¬¥ç�âìáï å¥è¥¬,
ª®â®àë© â�ª¦¥ åà�−¨âáï −� á¥à¢¥à¥ ¡¥§®¯�á−®áâ¨. ‘¥à¢¥à ¡¥§®¯�á−®áâ¨ |
¢¨àâã�«ì−�ï ¬�è¨−�, ª®−âà®«¨àãîé�ï ¯®ï¢«¥−¨¥ ¯¥àá®−�«ì−®© ¨−ä®à¬�æ¨¨
¯à¨ ¯¥à¥¤�ç¥ ¤�−−ëå ¢ ¢ëá®ª®à¨áª®¢ãî ¢¨àâã�«ì−ãî ¬�è¨−ã ¤«ï ®â¯à�¢ª¨
¢ ˆ−â¥à−¥â. ‘¥à¢¥à ¡¥§®¯�á−®áâ¨ â�ª¦¥ ¯à®¢®¤¨â �−â¨¢¨àãá−ãî ¯à®¢¥àªã
¢ ¨−ä®à¬�æ¨¨, ª®â®àãî ¯®«ì§®¢�â¥«ì å®ç¥â ¯¥à¥¤�âì ¢ ¢ëá®ª®æ¥−−ë© ª®¬¯®−¥−â.

9.2 Системы с многоуровневой политикой безопасности

Œ−®£®ãà®¢−¥¢�ï ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨ (multilevel security | MLS) ®á−®-
¢�−� −� à¥è¥âª¥ æ¥−−®áâ¥© (¢ ç�áâ−®¬ á«ãç�¥, ¨¥à�àå¨¨) [5]. ‚ á¨áâ¥¬¥ ¨−ä®à-
¬�æ¨®−−ë© ¯®â®ª áç¨â�¥âáï ¤®¯ãáâ¨¬ë¬, ¥á«¨ ®− −�¯à�¢«¥− ¯® à¥è¥âª¥ á−¨§ã
¢¢¥àå. MLS ï¢«ï¥âáï ®á−®¢−®© ¯®«¨â¨ª®© §�é¨âë ª®−ä¨¤¥−æ¨�«ì−®áâ¨, ¢¢¥¤¥−�
¢ TCSEC (Trusted Computer System Evaluation Criteria) [1], à¥�«¨§ã¥âáï á ¯®-
¬®éìî áà�¢−¥−¨ï ¬¥â®ª áã¡ê¥ªâ�, §�¯à®á¨¢è¥£® ¤®áâã¯ ª ®¡ê¥ªâã, ¨ ®¡ê¥ªâ�.
‚ à¥�«¨§�æ¨ïå MLS à®«ì á¥à¢¥à� ¡¥§®¯�á−®áâ¨ ¨£à�¥â ¬®−¨â®à ®¡à�é¥−¨©, ª®-
â®àë© áà�¢−¨¢�¥â ¬¥âª¨ áã¡ê¥ªâ� ¨ ®¡ê¥ªâ� ¨ ¯® à¥§ã«ìâ�âã áà�¢−¥−¨ï à�§à¥è�¥â
¤®áâã¯ ¨«¨ −¥â. MLS ï¢«ï¥âáï ç�áâ−ë¬ á«ãç�¥¬ ®¯¨á�−¨ï ¡¥§®¯�á−®© �àå¨â¥ª-
âãàë. �¤−�ª® MLS âà¥¡ã¥â §�é¨âë ®â áªàëâëå ª�−�«®¢, çâ® ï¢«ï¥âáï á«®¦−®©
§�¤�ç¥© ¢ ˆ‘.

10 Заключение

ˆ−â¥−á¨¢−®¥ à�§¢¨â¨¥ ¨−äà�áâàãªâãàë ¨−ä®à¬�â¨ª¨ âà¥¡ã¥â à¥è¥−¨ï á¥àì-
¥§−ëå §�¤�ç ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �â® ¢ á¢®î
®ç¥à¥¤ì §�áâ�¢«ï¥â ãç¥−ëå ®¡à�é�âìáï ª â¥®à¥â¨ç¥áª¨¬ ¢®¯à®á�¬ §�é¨âë ¨−-
ä®à¬�æ¨¨. �¥á¬®âàï −� â® çâ® ¡ë«® ¯®áâà®¥−® ¡®«ìè®¥ ª®«¨ç¥áâ¢® ä®à¬�«ì−ëå
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¬®¤¥«¥© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ¯®-¯à¥¦−¥¬ã áãé¥áâ¢ã¥â ¯®âà¥¡−®áâì
¢ à�§à�¡®âª¥ ¯à®áâëå ¨ ¯®−ïâ−ëå ¬®¤¥«¥© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, á¢ï-
§�−−ëå á ¡ëáâà®à�§¢¨¢�îé¨¬¨áï à�á¯à¥¤¥«¥−−ë¬¨ ¨ ¢¨àâã�«ì−ë¬¨ á¨áâ¥¬�¬¨.

‚ áâ�âì¥ á¤¥«�−� ¯®¯ëâª� á®§¤�−¨ï â�ª®© ¬®¤¥«¨. �¥á¬®âàï −� á«®¦−®áâì
á®¢à¥¬¥−−ëå à�á¯à¥¤¥«¥−−ëå ˆ‘, ¯®«ãç¥−ë ¤®áâ�â®ç−® ¯à®áâë¥ ãá«®¢¨ï §�-
é¨é¥−−®áâ¨ â�ª¨å á¨áâ¥¬. �à¨ íâ®¬ ¢�à¨�æ¨¨ âà¥¡®¢�−¨© ª §�é¨â¥ á¥à¢¥à�
¡¥§®¯�á−®áâ¨ ¨ ¥£® äã−ªæ¨®−�« ®¡¥á¯¥ç¨¢�îâ ¢ë¯®«−¥−¨¥ à�§«¨ç−ëå ¯® áâà®£®-
áâ¨ âà¥¡®¢�−¨© ª §�é¨â¥ ¨−ä®à¬�æ¨¨.

„�«ì−¥©è¨¥ ¨áá«¥¤®¢�−¨ï ¢ íâ®© ®¡«�áâ¨ á¢ï§�−ë á ¯à�ªâ¨ç¥áª¨¬¨ à¥�«¨§�-
æ¨ï¬¨ ¨§«®¦¥−−®£® ¢ áâ�âì¥ ¯®¤å®¤�.
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SECURE ARCHITECTURE OF DISTRIBUTED SYSTEMS
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Abstract: Distributed components of an enterprise information system (IS)
interact among themselves through a network, providing information about
production activity of an enterprise or an organization. There is a class of
vulnerabilities creating threats to correct and safe execution of the functions
of IS. Often, hackers look for vulnerabilities using a malicious code which
independently extends between hosts of IS while getting to the least protected
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nodes. Let V be the set of components of the distributed IS and E be the set of
possible interactions between components, thenG = (V,E) is the architecture of
the distributed IS. The following decomposition of architecture of the distributed
IS is considered as a hierarchy of architecture of classes of components. The
architecture of the network of the distributed IS represents the bottom level
of decomposition. The following levels of hierarchy are the architecture of
applications and the architecture of information technologies. The top level of
hierarchy is the architecture of the distributed IS. Architectural threats are the
transit through hosts of the malicious code and information leakage through
information technologies. Secure architecture is such architecture which within
available means reduces risks of implementation of architectural threats. The
architecture of IS is secured if there are no direct interactions between high-
risky and high-valuable components. Necessary and sufficient conditions of
existence of secure architecture of a distributed IS are found. It is defined under
what condition it is possible to insert new tasks or information technologies to
a distributed IS or to make other changes safely.

Keywords: information security of a distributed system; virtual system; risks;
valuable information resources; architecture of a distributed information system
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СКРЫТЫЕ КАНАЛЫ В БЕСПРОВОДНЫХ СЕТЯХ
СТАНДАРТА 802.11∗

Н. А. Грушо1

�−−®â�æ¨ï: ˆ§ãç�¥âáï ¢®§¬®¦−®áâì ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ á ¯®¬®éìî
á«ã¦¥¡−ëå §�£®«®¢ª®¢ á¥â¥¢ëå ª�¤à®¢ áâ�−¤�àâ� 802.11, � â�ª¦¥ −¥ª®â®àëå
®á®¡¥−−®áâ¥© äã−ªæ¨®−¨à®¢�−¨ï ¡¥á¯à®¢®¤−ëå á¥â¥© −� ¡�§¥ íâ®£® áâ�−¤�à-
â�. „«ï ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ ¯à¨−æ¨¯®¢ à�¡®âë
¡¥á¯à®¢®¤−®© á¥â¨, à�áá¬®âà¥− ¯à®æ¥áá ¯®¤ª«îç¥−¨ï ¨ ®âª«îç¥−¨ï ª«¨¥−â®¢
¡¥á¯à®¢®¤−®© á¥â¨, ãª�§�−� áâàãªâãà� á¥â¥¢®£® ª�¤à�. „«ï ¯®¤â¢¥à¦¤¥−¨ï
¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï §�£®«®¢ª®¢ á¥â¥¢®£® ª�¤à� ¨ ¬¥å�−¨§¬� ¤¥�ãâ¥−-
â¨ä¨ª�æ¨¨ ª«¨¥−â� ¡¥á¯à®¢®¤−®© á¥â¨ ¤«ï áªàëâ®© ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¨-
¢¥¤¥−® ®¯¨á�−¨¥ ¬�ª¥â�, ¢ á®áâ�¢ ª®â®à®£® ¢å®¤¨â −¥®¡å®¤¨¬®¥ ¯à®£à�¬¬−®¥
¨ �¯¯�à�â−®¥ ®¡¥á¯¥ç¥−¨¥. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ ¯®¤â¢¥à¦¤�îâ ¢®§¬®¦-
−®áâì ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ ¢ ¡¥á¯à®¢®¤−ëå á¥âïå áâ�−¤�àâ� 802.11.
�¢â®à®¬ ¯à¥¤«®¦¥−ë á¯®á®¡ë ¨á¯®«ì§®¢�−¨ï ®¯¨á�−−ëå ¢ áâ�âì¥ áªàëâëå
ª�−�«®¢, � â�ª¦¥ ¬¥â®¤ë ¯à®â¨¢®¤¥©áâ¢¨ï ¨¬.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�â¨ª�; ª®¬¯ìîâ¥à−ë¥ á¥â¨; ¡¥á¯à®¢®¤−ë¥ á¥â¨;
¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; áªàëâë¥ ª�−�«ë

DOI: 10.14357/08696527140303

1 Введение

’¥®à¥â¨ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ ç¥à¥§ áâ�−¤�àâ−ë¥
á¥â¨ ¬¥¦¤ã ¯à®£à�¬¬−®-�¯¯�à�â−ë¬¨ �£¥−â�¬¨ ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å ¨á-
á«¥¤®¢�«¨áì ¢® ¬−®£¨å à�¡®â�å [1{5]. „�−−�ï à�¡®â� ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬
¯à�ªâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© [6, 7] ¯® ¯®áâà®¥−¨î áªàëâëå ª�−�«®¢ á ¨á¯®«ì§®¢�-
−¨¥¬ â¥å−¨ç¥áª¨å ®á®¡¥−−®áâ¥© à¥�«¨§�æ¨¨ ¯à®â®ª®«®¢ á¢ï§¨.

‚ áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¡¥á¯à®¢®¤−�ï á¥âì Wi-Fi áâ�−¤�àâ� IEEE 802.11(a,
b, g, n, ac) [8]. Wi-Fi á¥â¨ ®à£�−¨§ãîâáï á ¯®¬®éìî á¯¥æ¨�«ì−®£® ®¡®àã¤®¢�−¨ï:
â®çª¨ ¤®áâã¯� (’„) ¨ ¡¥á¯à®¢®¤−ëå �¤�¯â¥à®¢. ’®çª� ¤®áâã¯� ¯à®¨§¢®¤¨â
®¡ê¥¤¨−¥−¨¥ ¡¥á¯à®¢®¤−ëå ª«¨¥−â®¢ ¢ ¥¤¨−ãî «®ª�«ì−ãî ¡¥á¯à®¢®¤−ãî á¥âì.
�� ª«¨¥−â�å (¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à�å (�Š), ¯«�−è¥â�å, á¬�àâä®−�å) ¤®«¦¥−
¡ëâì ãáâ�−®¢«¥− ¡¥á¯à®¢®¤−®© �¤�¯â¥à | á¯¥æ¨�«ì−ë© ¯à¨¥¬®¯¥à¥¤�âç¨ª, ¯®§-
¢®«ïîé¨© ª«¨¥−âã à�¡®â�âì á ¡¥á¯à®¢®¤−®© á¥âìî.

∗÷�¡®â� ç�áâ¨ç−® ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 13-01-00215).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, info@itake.ru
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‘ªàëâë¥ ª�−�«ë ¢ ¡¥á¯à®¢®¤−ëå á¥âïå áâ�−¤�àâ� 802.11

„«ï ¯®¤ª«îç¥−¨ï ª«¨¥−â� ª ¡¥á¯à®¢®¤−®© á¥â¨ −¥®¡å®¤¨¬® §−�âì −�§¢�−¨¥
(SSID | service set identifier) ¡¥á¯à®¢®¤−®© á¥â¨, � â�ª¦¥, ¥á«¨ ¢ª«îç¥−® è¨ä-
à®¢�−¨¥ ¡¥á¯à®¢®¤−®© á¥â¨, ¯�à®«ì ¤®áâã¯� ª −¥©. ˜¨äà®¢�−¨¥ −ã¦−® ¤«ï â®£®,
çâ®¡ë §�é¨â¨âì âà�ä¨ª ¡¥á¯à®¢®¤−®© á¥â¨ ®â ¯¥à¥å¢�â� §«®ã¬ëè«¥−−¨ª®¬. �¤-
−�ª® è¨äàãîâáï −¥ ¢á¥ ¤�−−ë¥, ¯¥à¥¤�¢�¥¬ë¥ ¯® ¡¥á¯à®¢®¤−®© á¥â¨. ��¯à¨¬¥à,
á«ã¦¥¡−ë¥ §�£®«®¢ª¨ ¯�ª¥â� −¥ è¨äàãîâáï ¨ ¯¥à¥¤�îâáï ¢ ®âªàëâ®¬ ¢¨¤¥, â. ¥.
«î¡®© ª«¨¥−â, −¥ ¨¬¥îé¨© ¯�à®«ï ª ¡¥á¯à®¢®¤−®© á¥â¨, ¬®¦¥â ¯à®ç¨â�âì ¨å.

’�ª ª�ª áªàëâë¥ ª�−�«ë | íâ® ¢®¯à®á ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, â®
íâ¨¬ ¢®¯à®á®¬ §�−¨¬�îâáï ¬−®£¨¥ −�ãç−ë¥ ®à£�−¨§�æ¨¨ ¨ ª®««¥ªâ¨¢ë. ˆ§
®âªàëâëå ¨áâ®ç−¨ª®¢ [9, 10] ¨§¢¥áâ−®, −�¯à¨¬¥à, ® ¢®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï
áªàëâëå ª�−�«®¢ á ¯®¬®éìî ¯¥à¥ª«îç¥−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¬¥¦¤ã
ª«¨¥−â®¬ ¨ ’„.

‚®§¬®¦−®áâ¨ ¨ á¯®á®¡ë ¨á¯®«ì§®¢�−¨ï −¥§�è¨äà®¢�−−ëå ¯®«¥© ¤«ï ¯¥à¥¤�-
ç¨ ¤�−−ëå ¢ ¡¥á¯à®¢®¤−®© á¥â¨ à�áá¬�âà¨¢�îâáï ¢ íâ®© áâ�âì¥.

‚ à�§¤. 2 à�áá¬�âà¨¢�¥âáï áâ�−¤�àâ 802.11 ¨ ®¯à¥¤¥«ïîâáï −¥®¡å®¤¨¬ë¥
¯�à�¬¥âàë ¨ ¨−áâàã¬¥−âë ¤«ï ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢. ‚ à�§¤. 3 ¯à¨¢®¤¨âáï
®¯¨á�−¨¥ ¬�ª¥â� ¤«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢, � â�ª¦¥ ¯®á«¥¤®¢�â¥«ì−®áâì
¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â�. ÷�§¤¥«ë 4{6 ®¯¨áë¢�îâ ¯à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â®¢
¨ ¨å à¥§ã«ìâ�âë. ‚®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï áªàëâ®© ¯¥à¥¤�ç¨ ¤�−−ëå ¨ ¬¥â®¤ë
¥¥ ¯à¥¤®â¢à�é¥−¨ï ®¯¨á�−ë ¢ à�§¤. 7.

2 Модель

�á−®¢−�ï æ¥«ì ¨áá«¥¤®¢�−¨ï | ¢®§¬®¦−®áâì ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢
¢ ¡¥á¯à®¢®¤−ëå á¥âïå Wi-Fi. „«ï íâ®£® −¥®¡å®¤¨¬® à¥è¨âì àï¤ ¯à®¬¥¦ãâ®ç−ëå
§�¤�ç: ¨§ãç¨âì ®¯¨á�−¨¥ áâ�−¤�àâ� 802.11 á â®çª¨ §à¥−¨ï áâàãªâãàë ¤�−−ëå,
¯¥à¥¤�¢�¥¬ëå ¯® ¡¥á¯à®¢®¤−®© á¥â¨, ¢®§¬®¦−ëå ¬®¤¨ä¨ª�æ¨© íâ¨å ¤�−−ëå
¨ ¯®á«¥¤áâ¢¨© ¢ëï¢«¥−¨ï â�ª®£® à®¤� ¬®¤¨ä¨ª�æ¨©, à�áá¬®âà¥âì ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥ (��), ª®â®à®¥ ¯®§¢®«¨â �−�«¨§¨à®¢�âì ¤�−−ë¥, ¯¥à¥¤�¢�¥¬ë¥ ¯®
¡¥á¯à®¢®¤−®© á¥â¨. ˆ§ãç¨¢ ¢®§¬®¦−®áâ¨ ¤«ï ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ ¢ Wi-
Fi, ¬®¦−® ®æ¥−¨âì ¯®â¥−æ¨�«ì−ãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì â�ª¨å ª�−�«®¢, ¨å
−�¤¥¦−®áâì (ã−¨çâ®¦�¥¬®áâì), ¢ëï¢«ï¥¬®áâì [11].

‘ãé¥áâ¢ã¥â ¤¢� â¨¯� ¯®¤ª«îç¥−¨© ¬¥¦¤ã ¡¥á¯à®¢®¤−ë¬¨ ãáâà®©áâ¢�¬¨ Wi-
Fi: á®¥¤¨−¥−¨¥ AdHoc ¨ Infrastructure [8]. ‚ á«ãç�¥ AdHoc ¯à®¨áå®¤¨â á®¥¤¨−¥-
−¨¥ ª«¨¥−â{ª«¨¥−â ¡¥§ ãç�áâ¨ï ’„. ‚ á«ãç�¥ Infrastructure ª«¨¥−âë ¯®¤ª«îç�-
îâáï ª ’„ ¨ ®¡¬¥−¨¢�îâáï ¤�−−ë¬¨ ç¥à¥§ −¥¥. ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï
¯®¤ª«îç¥−¨¥ â¨¯� Infrastructure, ¯®â®¬ã çâ® AdHoc-á®¥¤¨−¥−¨ï ¨á¯®«ì§ãîâáï
ªà�©−¥ à¥¤ª® ¤«ï à¥è¥−¨ï ª�ª¨å-«¨¡® «®ª�«ì−ëå §�¤�ç, −¥ á¢ï§�−−ëå (®¡ëç−®)
á ¤®áâã¯®¬ ª £«®¡�«ì−ë¬ á¥âï¬.

Š«¨¥−â ¨ ’„ ®¡¬¥−¨¢�îâáï ª�¤à�¬¨, ª®â®àë¥ ¨¬¥îâ áâàãªâãàã, ®¯¨á�−-
−ãî [8] ¢ áâ�−¤�àâ¥ 802.11. ‘âàãªâãà� íâ®£® ¯�ª¥â� ¯à¨¢¥¤¥−� −� à¨á. 1.

�®«−�ï à�áè¨äà®¢ª� ¢á¥å ¯®«¥© ¨ ¨å §−�ç¥−¨© | íâ® ®ç¥−ì ¡®«ìè®© ¤®-
ªã¬¥−â, ¯®íâ®¬ã ¢ ¤�−−®© áâ�âì¥ ¡ã¤ãâ ¨á¯®«ì§®¢�−ë ¨ à�áè¨äà®¢�−ë «¨èì
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÷¨á. 1 ‘âàãªâãà� ª�¤à� 802.11 [12]

â¥ ¯®«ï, ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ¯®áâ�¢«¥−−®© §�¤�ç¨. ‚ §�£®«®¢ª�å á¥â¥-
¢ëå ª�¤à®¢ ®¡ëç−® ãª�§ë¢�îâáï ¤«¨−ë ¤�−−ëå, ª®−âà®«ì−ë¥ áã¬¬ë, �¤à¥á�
®â¯à�¢¨â¥«¥©, ¯®«ãç�â¥«¥©, ã¯à�¢«ïîé¨¥ ª®¬�−¤ë, −®¬¥à� ¯�ªâ®¢ ¨ â. ¤.

�¥á¯à®¢®¤−ë¥ á¥â¥¢ë¥ �¤�¯â¥àë, ãáâ�−®¢«¥−−ë¥ −� ª«¨¥−â�å, ç¥à¥§ á¯¥æ¨-
�«ì−ë© ¤à�©¢¥à ¢§�¨¬®¤¥©áâ¢ãîâ á ®¯¥à�æ¨®−−®© á¨áâ¥¬®© (�‘), � �‘ ¢§�¨¬®-
¤¥©áâ¢ã¥â á ¯à¨ª«�¤−ë¬¨ ¯à®£à�¬¬�¬¨, ¯à¥¤®áâ�¢«ïï ¨¬ ¢®§¬®¦−®áâì á¥â¥¢®£®
¢§�¨¬®¤¥©áâ¢¨ï. �¥á¯à®¢®¤−®© �¤�¯â¥à ¯®«ãç�¥â á¥â¥¢®© ª�¤à, ®¡à�¡�âë¢�¥â
¥£® ¨ ¯¥à¥¤�¥â ¨−ª�¯áã«¨à®¢�−−ë¥ ¤�−−ë¥ ¢ �‘. Œ®¤¥«ì OSI (Open Systems
Interconnection) (à¨á. 2) ®¯¨áë¢�¥â ¯à¨−æ¨¯ ¨−ª�¯áã«ïæ¨¨ ¤�−−ëå −� à�§−ëå
ãà®¢−ïå.

„«ï �−�«¨§� ¯®«ãç¥−−ëå ª�¤à®¢ ¨ ®â¯à�¢ª¨ −®¢ëå ª�¤à®¢ −¥®¡å®¤¨¬® á¯¥æ¨-
�«ì−®¥ ��. �à¨ª«�¤−ë¥ ¯à®£à�¬¬ë, ¨á¯®«ì§ãîé¨¥ ¯à®£à�¬¬−ë© ¨−â¥àä¥©á,
¯à¥¤®áâ�¢«ï¥¬ë© �‘ Windows, −¥ á¯®á®¡−ë ¯®«ãç�âì ¤®áâã¯ ª ¤�−−ë¬ á¥â¥¢®£®
ª�¤à�, � ¯®«ãç�îâ «¨èì ¤�−−ë¥ ¡®«¥¥ ¢ëá®ª¨å ãà®¢−¥© ¬®¤¥«¨ OSI. �®íâ®¬ã
á¯¥æ¨�«ì−®¥ �� ¤®«¦−® ®¡à�é�âìáï ª ¡¥á¯à®¢®¤−®¬ã �¤�¯â¥àã ç¥à¥§ ¤à�©¢¥à,
¯®§¢®«ïîé¨© ®áãé¥áâ¢«ïâì ¯à¨¥¬ ¨ ¯¥à¥¤�çã á¥â¥¢ëå ª�¤à®¢.

„«ï ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© −¥®¡å®¤¨¬® ��, ª®â®à®¥ ¬®¦¥â à¥è�âì á«¥¤ã-
îé¨¥ §�¤�ç¨:
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÷¨á. 2 Œ®¤¥«ì OSI [13]

{ ¢§�¨¬®¤¥©áâ¢¨¥ á ¡¥á¯à®¢®¤−ë¬ �¤�¯â¥à®¬ ú−�¯àï¬ãîû;
{ ¯à®á«ãè¨¢�−¨¥ ¡¥á¯à®¢®¤−®© á¥â¨ á æ¥«ìî §�å¢�â� á¥â¥¢ëå ª�¤à®¢ ®â ª«¨¥−-

â®¢ ¨ ’„;
{ ®â®¡à�¦¥−¨¥ ¯®«ãç¥−−ëå á¥â¥¢ëå ª�¤à®¢;
{ ä®à¬¨à®¢�−¨¥ −®¢ëå á¥â¥¢ëå ª�¤à®¢;
{ ¯¥à¥¤�ç� ¢ ¡¥á¯à®¢®¤−ãî á¥âì áä®à¬¨à®¢�−−ëå ¨«¨ §�å¢�ç¥−−ëå á¥â¥¢ëå

ª�¤à®¢.

ˆáå®¤ï ¨§ íâ¨å ãá«®¢¨© ¡ë«� ¢ë¡à�−� ¯à®£à�¬¬� CommView [14]. ‘ ¯®¬®éìî
�� CommView (�� CV) ¬®¦−® ¯à®¢®¤¨âì ¯¥à¥å¢�â ª�¤à®¢, ¯¥à¥¤�¢�¥¬ëå
¬¥¦¤ã ª«¨¥−â®¬ ¨ ’„, �−�«¨§¨à®¢�âì ¢á¥ ¤�−−ë¥ íâ¨å ª�¤à®¢, á®§¤�¢�âì −®¢ë¥
ª�¤àë −¥®¡å®¤¨¬®© áâàãªâãàë, ¯¥à¥¤�¢�âì ¨å ¢ ¡¥á¯à®¢®¤−ãî á¥âì. �¤−®© ¨§
¢�¦−ëå ®á®¡¥−−®áâ¥© ï¢«ï¥âáï â®â ä�ªâ, çâ® ¤«ï ¯®«ãç¥−¨ï ¨ ¯¥à¥¤�ç¨ á¥â¥¢ëå
ª�¤à®¢ −¥ âà¥¡ã¥âáï §−�âì ¯�à®«ì ¤«ï ¡¥á¯à®¢®¤−®© á¥â¨. �âáãâáâ¢¨¥ ¯�à®«ï −¥
¯®§¢®«¨â ¯à®ç¨â�âì ¤�−−ë¥ ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï ¬®¤¥«¨ OSI, −®, ª�ª ®â¬¥ç¥−®
à�−¥¥, −¥ ¯®¬¥è�¥â ¯à®ç¨â�âì ¢á¥ á«ã¦¥¡−ë¥ §�£®«®¢ª¨ ª�¤à� 802.11. ’�ª ¦¥
¨ á ¯¥à¥¤�ç¥© ª�¤à� ®¡à�â−® ¢ ¡¥á¯à®¢®¤−ãî á¥âì: −¥¢®§¬®¦−® áä®à¬¨à®¢�âì
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¤�−−ë¥ ¤«ï ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï ¬®¤¥«¨ OSI, −¥ §−�ï ¯�à®«ì −� è¨äà®¢�−¨¥
¤�−−ëå, −® ¬®¦−® ¨§¬¥−ïâì −¥®¡å®¤¨¬ë¬ ®¡à�§®¬ á«ã¦¥¡−ë¥ §�£®«®¢ª¨ ª�¤à�
802.11.

�¥®¡å®¤¨¬® ®¡à�â¨âì ¢−¨¬�−¨¥ −� ¥é¥ ®¤−ã ®á®¡¥−−®áâì áâ�−¤�àâ� 802.11 |
¯à®æ¥áá ¯®¤ª«îç¥−¨ï ª«¨¥−â� ª ’„ ¨ ®âª«îç¥−¨ï ®â −¥¥ [8]. �à®æ¥áá ¯®¤-
ª«îç¥−¨ï ã¯à®é¥−−® ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬: ª«¨¥−â ®¡à�é�¥âáï ª ’„
á ¯à®¡−ë¬ §�¯à®á®¬, ’„ ®â¢¥ç�¥â ª«¨¥−âã ¯à®¡−ë¬ ®â¢¥â®¬. ‡�â¥¬ ª«¨¥−â
¯à®¨§¢®¤¨â §�¯à®á −� �ãâ¥−â¨ä¨ª�æ¨î, � ’„ ®â¢¥ç�¥â −� íâ®â §�¯à®á. �®á«¥
íâ®£® ª«¨¥−â ¯®áë«�¥â §�¯à®á −� �áá®æ¨�æ¨î. ’®çª� ¤®áâã¯� ¯®¤â¢¥à¦¤�¥â �á-
á®æ¨�æ¨î. �®á«¥ íâ®© ¯à®æ¥¤ãàë ¯®¤ª«îç¥−¨ï áâ�−®¢¨âáï ¢®§¬®¦−®© ¯¥à¥¤�ç�
§�è¨äà®¢�−−ëå ¤�−−ëå ¬¥¦¤ã ª«¨¥−â®¬ ¨ ’„. ‚ áâ�−¤�àâ¥ 802.11 ¯à¥¤ãá¬®âà¥−
¬¥å�−¨§¬ ¤¥�ãâ¥−â¨ä¨ª�æ¨¨. ’®çª� ¤®áâã¯� ¯®áë«�¥â á¯¥æ¨�«ì−®¥ ®¯®¢¥é¥−¨¥
ª«¨¥−âã á ãª�§�−¨¥¬ ¯à¨ç¨−ë ¤¥�ãâ¥−â¨ä¨ª�æ¨¨. ’�ª ª�ª �ãâ¥−â¨ä¨ª�æ¨ï
ï¢«ï¥âáï −¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ¤«ï �áá®æ¨�æ¨¨ ª«¨¥−â�, â® ¤¥�ãâ¥−â¨ä¨ª�æ¨ï
¯à¨¢®¤¨â ª §�¢¥àè¥−¨î �áá®æ¨�æ¨¨ ª«¨¥−â� ¨ ’„. ’�ª¨¬ ®¡à�§®¬, ¯¥à¥¤�ç�
¤�−−ëå ¬¥¦¤ã ª«¨¥−â®¬ ¨ ’„ áâ�−®¢¨âáï −¥¢®§¬®¦−®© ¤® ¯à®¢¥¤¥−¨ï ¯®¢â®à−®©
�ãâ¥−â¨ä¨ª�æ¨¨ ¨ �áá®æ¨�æ¨¨.

‚®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï ã¬ëè«¥−−®£® ¯à¥àë¢�−¨ï á¢ï§¨ ¬¥¦¤ã ª«¨¥−â®¬
¨ ’„ ¤«ï ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ −¥®¡å®¤¨¬® ¯à®¢¥à¨âì á ¯®¬®éìî ��
CV, ª®â®à®¥ á¯®á®¡−® −¥ â®«ìª® ¯à®¢®¤¨âì �−�«¨§ ¯®«ãç¥−−ëå ¤�−−ëå, −®
¨ ¯¥à¥¤�¢�âì ª�¤àë ¤¥�ãâ¥−â¨ä¨ª�æ¨¨ ¢ ¡¥á¯à®¢®¤−ãî á¥âì.

‘ ¯®¬®éìî �� CV −¥®¡å®¤¨¬® ¯à®¨§¢¥áâ¨ á«¥¤ãîé¨¥ ¨áá«¥¤®¢�−¨ï:

{ ¯à®¢¥à¨âì ¢®§¬®¦−®áâì §�å¢�â� á¥â¥¢ëå ª�¤à®¢, ¯¥à¥¤�¢�¥¬ëå ¬¥¦¤ã ª«¨¥−-
â®¬ ¨ ’„;

{ ¯à®¢¥à¨âì ¢®§¬®¦−®áâì ¯®¤áç¥â� á¥â¥¢ëå ª�¤à®¢, ¯¥à¥¤�−−ëå ®â ª«¨¥−â�;

{ ¯à®¢¥à¨âì ¢®§¬®¦−®áâì ¯à¨¥¬�{¯¥à¥¤�ç¨ á¥â¥¢®£® ª�¤à� á ¬®¤¨ä¨æ¨à®¢�−-
−ë¬¨ §�£®«®¢ª�¬¨ 802.11;

{ ¯à®¢¥à¨âì ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¯à¥àë¢�−¨ï á¢ï§¨ ¬¥¦¤ã ª«¨¥−â®¬
¨ ’„ ¤«ï áªàëâ®© ¯¥à¥¤�ç¨ ¤�−−ëå.

�� ®á−®¢�−¨¨ à¥§ã«ìâ�â®¢ ¯à®¢¥¤¥−−ëå íªá¯¥à¨¬¥−â®¢ ¬®¦−® ¡ã¤¥â á¤¥«�âì
§�ª«îç¥−¨¥:

{ ® ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï §�£®«®¢ª®¢ 802.11 ¤«ï ®à£�−¨§�æ¨¨ áªàëâëå
ª�−�«®¢;

{ ® ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï ª�¤à®¢ ¤¥�ãâ¥−â¨ä¨ª�æ¨¨ ¤«ï ¯®áâà®¥−¨ï áªàë-
âëå ª�−�«®¢;

{ ® ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨ −�¤¥¦−®áâ¨ ®¯¨á�−−ëå áªàëâëå ª�−�«®¢;

{ ® ¢®§¬®¦−ëå ¤àã£¨å á¯®á®¡�å ¨á¯®«ì§®¢�−¨ï áâ�−¤�àâ� 802.11 ¤«ï ¯®áâà®-
¥−¨ï áªàëâëå ª�−�«®¢.

„«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢ −¥®¡å®¤¨¬® −¥ â®«ìª® á¯¥æ¨�«¨§¨à®¢�−−®¥
�� CV, −® ¨ ®¡®àã¤®¢�−¨¥, ª®â®à®¥ ¡ã¤¥â ¢ëáâã¯�âì ¢ ª�ç¥áâ¢¥ ’„ ¨ ª«¨¥−â�. ‚á¥
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¢¬¥áâ¥ (�� CV, ®¡®àã¤®¢�−¨¥ ª«¨¥−â� ¨ ’„) ï¢«ï¥âáï ¬�ª¥â®¬ ¤«ï ¯à®¢¥¤¥−¨ï
íªá¯¥à¨¬¥−â®¢. �®«¥¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¬�ª¥â� ¨ ¥£® äã−ªæ¨®−¨à®¢�−¨¥
¯à¨¢¥¤¥−® −¨¦¥.

3 Состав макета

„«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â� −¥®¡å®¤¨¬ë á«¥¤ãîé¨¥ í«¥¬¥−âë: ’„, ª«¨¥−â,
�Š á ¡¥á¯à®¢®¤−ë¬ �¤�¯â¥à®¬ ¨ ãáâ�−®¢«¥−−ë¬ �� CV. ’�ª ª�ª á¥â¥¢®¥
¢§�¨¬®¤¥©áâ¢¨¥ ®¡ëç−® §�ª«îç�¥âáï ¢ â®¬, çâ® ®¤−� áâ®à®−� ¢ëáâã¯�¥â ¢ ª�ç¥áâ¢¥
ª«¨¥−â�, � ¤àã£�ï | ¢ ª�ç¥áâ¢¥ á¥à¢¥à�, â® ã¤®¡−® ¨á¯®«ì§®¢�âì ¤¢� ª«¨¥−â�
¡¥á¯à®¢®¤−®© á¥â¨, ®¤¨− ¨§ ª®â®àëå ¡ã¤¥â úá¥à¢¥à®¬û, � ¢â®à®© úª«¨¥−â®¬û.

’�ª¨¬ ®¡à�§®¬, ¬�ª¥â á®áâ®¨â ¨§ âà¥å �Š ¨ ’„. ˆá¯®«ì§ãîâáï �Š ¯®¤
ã¯à�¢«¥−¨¥¬ �‘ Windows 7 á ãáâ�−®¢«¥−−ë¬¨ −� −¨å �¤�¯â¥à�¬¨ ¡¥á¯à®¢®¤−®©
á¥â¨ Atheros ¨ á¯¥æ¨�«ì−ë¬ �� CV.

��§®¢¥¬ �Š ¢ á®áâ�¢¥ ¬�ª¥â� á«¥¤ãîé¨¬ ®¡à�§®¬: � | ¨áâ®ç−¨ª á®®¡é¥−¨©,
� | ¯®«ãç�â¥«ì á®®¡é¥−¨©, � | áâ®à®−−¨© −�¡«î¤�â¥«ì. �¥àá®−�«ì−ë¥
ª®¬¯ìîâ¥àë � ¨ � ¯®¤ª«îç¥−ë ª ¡¥á¯à®¢®¤−®© á¥â¨ test, ª®â®àãî ®à£�−¨§ã¥â
’„. ��áâà®¨¬ ’„ â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¨á¯®«ì§®¢�«®áì è¨äà®¢�−¨¥ WPA2-
PSK. �¥àá®−�«ì−ë© ª®¬¯ìîâ¥à � −¥ ¯®¤ª«îç¥− ª ¡¥á¯à®¢®¤−®© á¥â¨, â. ¥. −¥
¨¬¥¥â ª«îç� ¤«ï ¯®¤ª«îç¥−¨ï ª ¡¥á¯à®¢®¤−®© á¥â¨ test. �� ¢á¥å �Š §�¯ãé¥−�
¯à®£à�¬¬� CommView.

4 Перехват сетевых кадров беспроводной сети

�� �Š � −¥®¡å®¤¨¬® §�¯ãáâ¨âì áâ�−¤�àâ−ãî ¯à®£à�¬¬ã cmd.exe, ª®â®à�ï
¢å®¤¨â ¢ á®áâ�¢ �‘ Windows. �®á«¥ ¢ë¯®«−¥−¨ï íâ®© ª®¬�−¤ë ®âªà®¥âáï
®ª−®, ¯à¥¤«�£�îé¥¥ ¢¢¥áâ¨ ª®¬�−¤ã. �¥®¡å®¤¨¬® ¢ë¯®«−¨âì ª®¬�−¤ã úping
X.X.X.X→ tû. “â¨«¨â� ping | íâ® áâ�−¤�àâ−®¥ ��, ¢å®¤ïé¥¥ ¢ á®áâ�¢ �‘
Windows, ª®â®à®¥ ®â¯à�¢«ï¥â á¯¥æ¨�«ì−ë¥ icmp-¯�ª¥âë −� ãª�§�−−ë© ¢ ¯�à�-
¬¥âà¥ §�¯ãáª� ã§¥«; •.•.•.• | íâ® IP-�¤à¥á ã§«� �Š �. �®á«¥ ¢ë¯®«−¥−¨ï
íâ®© ª®¬�−¤ë �Š � −�ç−¥â ®â¯à�¢«ïâì ¯�ª¥âë −� �Š �.

�� �Š � ¢ �� CV −¥®¡å®¤¨¬® ¢ª«îç¨âì à¥¦¨¬ áª�−¨à®¢�−¨ï ¡¥á¯à®¢®¤−ëå
á¥â¥©, −�¦�¢ ª−®¯ªã ú��ç�âì §�å¢�âû. ‡�â¥¬ −¥®¡å®¤¨¬® ¢ë¡à�âì §�ª«�¤ªã
ú��ª¥âëû ¤«ï ®â®¡à�¦¥−¨ï §�å¢�ç¥−−ëå ¯�ª¥â®¢. ‚ íâ®¬ à¥¦¨¬¥ ®â®¡à�¦�¥âáï
¢ ¢¨¤¥ â�¡«¨æë á«¥¤ãîé�ï ¨−ä®à¬�æ¨ï: −®¬¥à ¯®«ãç¥−−®£® ¯�ª¥â�, ¯à®â®ª®«,
MAC-�¤à¥á ¨áâ®ç−¨ª�, MAC-�¤à¥á ¯®«ãç�â¥«ï, IP-�¤à¥á ®â¯à�¢¨â¥«ï, IP-
�¤à¥á ¯®«ãç�â¥«ï, ¢à¥¬ï ¯®«ãç¥−¨ï ¯�ª¥â�, à�§¬¥à ¯�ª¥â�, ¤®¯®«−¨â¥«ì−�ï
¨−ä®à¬�æ¨ï.

�®á«¥ −�ç�«� §�å¢�â� ¢ à¥¦¨¬¥ ®â®¡à�¦¥−¨ï ¯�ª¥â®¢ �� CV ¯®ï¢¨âáï §�¯¨áì
® â®¬, çâ® á MAC-�¤à¥á� �Š � −� MAC-�¤à¥á �Š � ®â¯à�¢«¥− ¯�ª¥â. �®á«¥
íâ®£® −¥®¡å®¤¨¬® ¯¥à¥ª«îç¨âìáï ¢ §�ª«�¤ªã úNodesû (ã§«ë). ‚ íâ®¬ à¥¦¨¬¥
¡ã¤¥â ®â®¡à�¦¥− á¯¨á®ª ã§«®¢ ¨ ’„, ¯�ª¥âë ®â ª®â®àëå ¡ë«¨ ¯®«ãç¥−ë �Š �.
‡�â¥¬ −¥®¡å®¤¨¬® −� MAC-�¤à¥á¥ �Š �, ª®â®àë© ¡ã¤¥â ¢ íâ®¬ á¯¨áª¥, ª«¨ª−ãâì
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¯à�¢®© ª−®¯ª®© ¨ ¢ë¡à�âì ¯ã−ªâ ¬¥−î úDetailsû. �®á«¥ íâ®£® ®âªà®¥âáï ®ª−®,
¢ ª®â®à®¬ ¡ã¤¥â ®â®¡à�¦¥−� áâ�â¨áâ¨ª� ¯®«ãç¥−−ëå ¯�ª¥â®¢ �Š �.

’�ª ª�ª �Š � ¯¥à¥¤�¥â ¯�ª¥âë ã§«ã �Š �, â® ¢ áâà®ª¥ úTotalû ¬®¦−® ¡ã¤¥â
−�¡«î¤�âì −¥¯à¥àë¢−ë© ¯à¨à®áâ ¯�ª¥â®¢, −�¯à¨¬¥à 1, 2, 3 ¨ â. ¤. …á«¨ −� �Š �
§�¯ãáâ¨âì ¥é¥ ®¤−ã ª®¬�−¤ã ping á â�ª¨¬¨ ¦¥ ¯�à�¬¥âà�¬¨, â® −� �Š � ¢ ®ª−¥
úDetailsû ¬®¦−® ¡ã¤¥â ã¢¨¤¥âì ¯à¨à®áâ ¯¥à¥¤�−−ëå ¯�ª¥â®¢ ã¦¥ −¥ −� 1, � −� 2,
â. ¥. 1, 3, 5 ¨ â. ¤.

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®¤â¢¥à¦¤�¥â ¢®§¬®¦−®áâì:

{ ¯¥à¥å¢�â� ¯�ª¥â®¢ ®â ã§«� �Š � ª �Š �;

{ ¯®¤áç¥â� ¯�ª¥â®¢ ¬¥¦¤ã �Š � ¨ �Š �.

…á«¨ −� �Š � §�¯ãáâ¨âì, −�¯à¨¬¥à, ®¤−®¢à¥¬¥−−® 10 ª®¬�−¤ ping á ®¤¨−�-
ª®¢ë¬¨ ¯�à�¬¥âà�¬¨, â® �Š � á¬®¦¥â ã¢¨¤¥âì ¯à¨à®áâ ®â¯à�¢«¥−−ëå á �Š �
−� �Š � ¯�ª¥â®¢ −� 10. ’�ª¨¬ ®¡à�§®¬, ¢ë¯®«−¥−¨¥ áâ�−¤�àâ−®© ª®¬�−¤ë ping
−� �Š � ¤�¥â ¢®§¬®¦−®áâì ¢«¨ïâì −� ª®«¨ç¥áâ¢® ¯¥à¥å¢�ç¥−−ëå �Š � ¯�ª¥â®¢
®â �Š � ª �Š �.

‚�à¨�æ¨ï ç¨á«� ®¤−®¢à¥¬¥−−® §�¯ãé¥−−ëå ª®¬�−¤ ping ¤�¥â ¢®§¬®¦−®áâì
¯®áâà®¥−¨ï áªàëâ®£® ª�−�«�.

5 Передача и перехват модифицированных пакетов

�à®£à�¬¬−®¥ ®¡¥á�¥ç¥−¨¥ CV ¯®§¢®«ï¥â á®§¤�¢�âì ¯à®¨§¢®«ì−ë¥ á¥â¥¢ë¥
¯�ª¥âë ¨ ¯¥à¥¤�¢�âì ¨å ¢ ¡¥á¯à®¢®¤−ãî á¥âì. „«ï ¯¥à¥¤�ç¨ ¤�−−ëå ®â �Š �
ª �Š �, ª®â®àë© −¥ ¯®¤ª«îç¥− ª ¡¥á¯à®¢®¤−®© á¥â¨, −¥®¡å®¤¨¬® á®§¤�âì á¥â¥¢®©
¯�ª¥â á ¬®¤¨ä¨æ¨à®¢�−−ë¬ §�£®«®¢ª®¬, ¯¥à¥¤�âì ¥£® ¢ ¡¥á¯à®¢®¤−ãî á¥âì, §�â¥¬
¯¥à¥å¢�â¨âì ¥£® −� �Š � ¨ ¨§¢«¥çì ¨§ ¯¥à¥å¢�ç¥−−®£® ¯�ª¥â� −ã¦−ë¥ ¤�−−ë¥.

�� �Š � ¢ �� CV á ¯®¬®éìî ¯ã−ªâ� ¬¥−î úPacket Builderû (ª®−áâàãªâ®à ¯�-
ª¥â®¢) á¤¥«�¥¬ ¯à®¨§¢®«ì−ë© ¯�ª¥â, −® ãª�¦¥¬ ¢ −¥¬ −ã¦−ë¥ MAC-�¤à¥á�: bssid
20:AA:4B:21:80:4A | ¨¤¥−â¨ä¨ª�â®à ¡¥á¯à®¢®¤−®© á¥â¨, dst 21:21:21:21:21:21,
src 20:20:20:20:20:20. �ã¤¥¬ áç¨â�âì, çâ® MAC-�¤à¥á� dst ¨ src | íâ® ¤�−−ë¥,
ª®â®àë¥ �Š � å®ç¥â ¯¥à¥¤�âì �Š �. ‡�â¥¬ íâ®â ¯�ª¥â ¯¥à¥¤�¥âáï ¢ ¡¥á¯à®¢®¤−ãî
á¥âì á ¯®¬®éìî ª−®¯ª¨ úSendû. ‚ íâ® ¢à¥¬ï −� �Š � íâ®â ¯�ª¥â ¯¥à¥å¢�âë-
¢�¥âáï á æ¥«ìî ¨§¢«¥ç¥−¨ï ¯®«¥§−ëå ¤�−−ëå, â. ¥. MAC-�¤à¥á®¢ ¯®«ãç�â¥«ï
¨ ®â¯à�¢¨â¥«ï ¢ ª�¤à¥.

‚ â�¡«¨æ¥ ¯®«ãç¥−−ëå ¯�ª¥â®¢ −� �Š � ¬®¦−® ã¢¨¤¥âì ãª�§�−−ë¥ −�
�Š � MAC-�¤à¥á� ®â¯à�¢¨â¥«ï ¨ ¯®«ãç�â¥«ï: dst 21:21:21:21:21:21, src
20:20:20:20:20:20.

’�ª®© á¯®á®¡ ¯¥à¥¤�ç¨ ¤�−−ëå, ¢ ®â«¨ç¨¥ ®â á¯®á®¡�, ®¯¨á�−−®£® ¢ à�§¤. 4,
âà¥¡ã¥â ãáâ�−®¢«¥−−®£® ¨ §�¯ãé¥−−®£® �� CV −� �Š �, −® ¯à¨ íâ®¬ ¯®§¢®«ï¥â
¯¥à¥¤�¢�âì ¤�−−ë¥ á ¯®¬®éìî §�£®«®¢ª®¢ 802.11. ‘«¥¤®¢�â¥«ì−®, ¯à¨ ¬®¤¨ä¨-
æ¨à®¢�−¨¨ å®âï ¡ë ®¤−®£® ¡�©â� MAC-�¤à¥á�, −�¯à¨¬¥à ¯®«ãç�â¥«ï, áª®à®áâì
¯¥à¥¤�ç¨ ¤�−−ëå á®áâ�¢¨â 1 ¡�©â/¯�ª¥â.
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‘ªàëâë¥ ª�−�«ë ¢ ¡¥á¯à®¢®¤−ëå á¥âïå áâ�−¤�àâ� 802.11

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®ª�§ë¢�¥â ¢®§¬®¦−®áâì áªàëâ®© ¯¥à¥¤�ç¨ ¤�−-
−ëå ®â �Š � ª �Š �.

6 Передача данных в беспроводную сеть

÷�−¥¥ ¡ë«¨ ®¯¨á�−ë ¤¢� á¯®á®¡� ¯¥à¥¤�ç¨ ¤�−−ëå ®â �Š � ª �Š �.
÷�áá¬®âà¨¬ ®¡à�â−ãî §�¤�çã: ¯¥à¥¤�çã ¤�−−ëå ®â �Š �, −¥ ¯®¤ª«îç¥−−®£®
ª ¡¥á¯à®¢®¤−®© á¥â¨, ª �Š �, ª®â®àë© à�¡®â�¥â ¢ ¡¥á¯à®¢®¤−®© á¥â¨ test.

„«ï ®à£�−¨§�æ¨¨ â�ª®© ¯¥à¥¤�ç¨ ¬®¦−® ¢®á¯®«ì§®¢�âìáï ¬¥â®¤®¬ ¤¥�ãâ¥−-
â¨ä¨ª�æ¨¨ ã§«� ®â ¡¥á¯à®¢®¤−®© á¥â¨. „«ï íâ®£® �Š � ¢ �� CV −¥®¡å®¤¨¬®
áä®à¬¨à®¢�âì á¯¥æ¨�«ì−ë© á¥â¥¢®© ¯�ª¥â ¤¥�ãâ¥−â¨ä¨ª�æ¨¨ ¨ ¯¥à¥¤�âì ¥£® ¢ ¡¥á-
¯à®¢®¤−ãî á¥âì. �®«ãç¨¢ íâ®â ¯�ª¥â, ã§¥« ¡ã¤¥â áç¨â�âì, çâ® ¥¬ã −¥®¡å®¤¨¬®
¯®¢â®à−® ¯à®©â¨ ¯à®æ¥¤ãàã �ãâ¥−â¨ä¨ª�æ¨¨ ¨ �áá®æ¨�æ¨¨ ¢ ¡¥á¯à®¢®¤−®© á¥â¨,
çâ® ¯à¨¢¥¤¥â ª ¯à¥àë¢�−¨î á¢ï§¨. ’�ª ª�ª ¯à®¤®«¦¨â¥«ì−®áâì à�¡®âë ã§«� ¬¥¦-
¤ã ¯à¥àë¢�−¨ï¬¨ á¢ï§¨ ¨ ç�áâ®âã ¯à¥àë¢�−¨ï á¢ï§¨ ¬®¦−® ¨§¬¥à¨âì −� �Š �,
â® íâ® ¬®¦−® ¨á¯®«ì§®¢�âì ª�ª ª�−�« ¯¥à¥¤�ç¨ ¤�−−ëå ®â �Š � ª �Š �.

�ãáâì �Š � ¢ë¯®«−ï¥â ª®¬�−¤ã úping x.x.x.x - tû, £¤¥ x.x.x.x | íâ® IP-�¤-
à¥á �Š �, ¨ ¢¥¤¥â ¯®¤áç¥â ç¨á«� §�¯à®á®¢, −� ª®â®àë¥ ®− ¯®«ãç¨« ®â¢¥â ®â �Š �.
�¥àá®−�«ì−ë© ª®¬¯ìîâ¥à � ¯¥à¥¤�¥â á¯¥æ¨�«ì−ë© ª�¤à ¤¥�ãâ¥−â¨ä¨ª�æ¨¨ á ¯®-
¬®éìî �� CV −� �Š �, ¢ë§ë¢�ï â¥¬ á�¬ë¬ ¢à¥¬¥−−‚®¥ ¯à¥àë¢�−¨¥ á¢ï§¨
�Š � ¨ ’„, ®à£�−¨§ãîé¥© ¡¥á¯à®¢®¤−ãî á¥âì test. �¥àá®−�«ì−ë© ª®¬¯ìîâ¥à �
−� ¢à¥¬ï ¯®¢â®à−®© �ãâ¥−â¨ä¨ª�æ¨¨ ¨ �áá®æ¨�æ¨¨ á ¡¥á¯à®¢®¤−®© á¥âìî −¥
¬®¦¥â ¯®«ãç�âì ¤�−−ë¥, ¯®íâ®¬ã �Š � −¥ ¯®«ãç¨â ®â¢¥â� −� icmp-§�¯à®á
¢ë¯®«−ï¥¬®© ª®¬�−¤ë ping. ‚ íâ® ¢à¥¬ï −¥®¡å®¤¨¬® á®åà�−¨âì −� �Š � §−�ç¥−¨¥
áç¥âç¨ª� ¯¥à¥¤�−−ëå icmp-¯�ª¥â®¢, ¯®«ãç¨¢è¨å ®â¢¥â, � §�â¥¬ ®ç¨áâ¨âì ¥£® ¤«ï
−®¢®£® ¯®¤áç¥â�. �®á«¥ ¢®§®¡−®¢«¥−¨ï ¯à¨¥¬� ®âª«¨ª®¢ −� ª®¬�−¤ã ping ®â
�Š � ¯à®¨§¢®¤¨âáï ¯®¤áç¥â ¯�ª¥â®¢. ‡�â¥¬ −¥®¡å®¤¨¬® ¯®¢â®à−® ®â¯à�¢¨âì
¯�ª¥â ¤¥�ãâ¥−â¨ä¨ª�æ¨¨ á �Š �. �®á«¥ �áá®æ¨�æ¨¨ �Š � á ¡¥á¯à®¢®¤−®©
á¥âìî test −¥®¡å®¤¨¬® á®åà�−¨âì §−�ç¥−¨¥ áç¥âç¨ª�, � §�â¥¬ ®ç¨áâ¨âì ¥£® ¤«ï
á«¥¤ãîé¥£® ¯®¤áç¥â�. �®¢â®àïï íâã ¯à®æ¥¤ãàã −¥áª®«ìª® à�§, ¬®¦−® ¯®«ãç¨âì
¯®á«¥¤®¢�â¥«ì−®áâì ç¨á¥«, ª®â®à�ï ï¢«ï¥âáï ¤�−−ë¬¨, ¯¥à¥¤�¢�¥¬ë¬¨ ®â �Š �
ª �Š �.

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â á ¯à¥àë¢�−¨¥¬ á¢ï§¨ ¨ ¨§¬¥à¥−¨¥¬ ç¨á«� ¯�ª¥â®¢
¯®ª�§ë¢�¥â ¢®§¬®¦−®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ®â �Š � ª �Š �.

7 Применение описанных способов передачи данных

„®¯ãáâ¨¬, çâ® −� �Š � áãé¥áâ¢ã¥â ¢à¥¤®−®á−®¥ ��, ª®â®à®¥ ¤«ï ¯à®áâ®âë
¡ã¤¥¬ −�§ë¢�âì �£¥−â®¬. „«ï à¥�«¨§�æ¨¨ ¯¥à¥¤�ç¨ ¤�−−ëå, ®¯¨á�−−®© ¢ à�§¤. 4,
−¥®¡å®¤¨¬®, çâ®¡ë �£¥−â ã¬¥« ¯à¥®¡à�§®¢ë¢�âì ¤�−−ë¥ ¢ ç�áâ®âã ¯¥à¥¤�ç¨ ¯�ª¥-
â®¢ ¢ ¡¥á¯à®¢®¤−ãî á¥âì. …á«¨ à�áá¬�âà¨¢�âì ¢�à¨�−â, ®¯¨á�−−ë© ¢ à�§¤. 5, â®
�£¥−âã −� �Š � −¥®¡å®¤¨¬® ¢−¥¤à¨âì á¢®© ¤à�©¢¥à, �−�«®£¨ç−ë© ¤à�©¢¥àã ��
CV, ª®â®àë© á¬®¦¥â à�¡®â�âì á ¡¥á¯à®¢®¤−ë¬ �¤�¯â¥à®¬ −� �Š � −�¯àï¬ãî.
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‚ íâ®¬ á«ãç�¥ áãé¥áâ¢ã¥â ¢¥à®ïâ−®áâì â®£®, çâ® �¤�¯â¥à, ãáâ�−®¢«¥−−ë© −� �Š �,
−¥ ¡ã¤¥â ¯®¤¤¥à¦¨¢�âìáï ¤à�©¢¥à®¬ �£¥−â�, ¨ â®£¤� ¯¥à¥¤�ç� ¬®¤¨ä¨æ¨à®¢�−−ëå
¯�ª¥â®¢ áâ�−¥â −¥¢®§¬®¦−®©. �®«¥¥ â®£®, �£¥−âã ¤«ï ¢−¥¤à¥−¨ï ¤à�©¢¥à� ¯®âà¥-
¡ãîâáï ¯à�¢� �¤¬¨−¨áâà�â®à�. �âáãâáâ¢¨¥ ¯à�¢ ¯à¨¢¥¤¥â ª −¥¢®§¬®¦−®áâ¨ â�ª®©
¯¥à¥¤�ç¨ ¤�−−ëå.

„«ï à¥�«¨§�æ¨¨ ¯à¨¥¬� ¤�−−ëå, ®¯¨á�−−®£® ¢ à�§¤. 6, �£¥−âã −¥ âà¥¡ã-
îâáï ¯à�¢� �¤¬¨−¨áâà�â®à�. �£¥−â ¤®«¦¥− «¨èì ¯à®¨§¢®¤¨âì −�¡«î¤¥−¨¥ §�
¯à¥àë¢�−¨ï¬¨ á¢ï§¨ ¨ ¯à®¤®«¦¨â¥«ì−®áâìî ¡¥á¯¥à¥¡®©−®© à�¡®âë.

‚® ¢á¥å ®¯¨á�−−ëå ¢�à¨�−â�å ¯à¨¥¬� ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¥¤¯®«�£�¥âáï,
çâ® �£¥−â −� �Š � ®¡«�¤�¥â ¢á¥¬ −¥®¡å®¤¨¬ë¬: á®¢¬¥áâ¨¬ë¬ á ®¡®àã¤®¢�−¨¥¬
¤à�©¢¥à®¬ ¡¥á¯à®¢®¤−®£® �¤�¯â¥à�, ¯à�¢�¬¨ �¤¬¨−¨áâà�â®à�.

�ª�§�âì ¯à®â¨¢®¤¥©áâ¢¨¥ �£¥−â�¬, ¢−¥¤àïîé¨¬ ¤à�©¢¥àë ¨ âà¥¡ãîé¨¬ ¯à�¢
�¤¬¨−¨áâà�â®à�, ¬®£ãâ ª�ª ¢áâà®¥−−ë¥ ¬¥å�−¨§¬ë §�é¨âë �‘ Windows, â�ª
¨ �−â¨¢¨àãá−®¥ ��. ‚ëï¢«¥−−�ï §�¬¥−� ¤à�©¢¥à� ¡¥á¯à®¢®¤−®£® �¤�¯â¥à� ¯à¨-
¢®¤¨â ª −¥¢®§¬®¦−®áâ¨ à¥�«¨§�æ¨¨ �£¥−â®¬ ®¤−®£® ¨§ á¯®á®¡®¢ ¯à¨¥¬�{¯¥à¥¤�ç¨,
� â�ª¦¥ ¢ëï¢«ï¥â á�¬®£® �£¥−â�.

“áâ�−®¢ª� ¨ −�áâà®©ª� ¬¥¦á¥â¥¢ëå íªà�−®¢ â�ª¦¥ ¬®¦¥â §�¡«®ª¨à®¢�âì à�-
¡®âã �£¥−â�. ��¯à¨¬¥à, §�¯à¥â −� ¯à¨¥¬ ¨ ¯¥à¥¤�çã icmp-¯�ª¥â®¢ ¯®«−®áâìî
§�ªà®¥â �£¥−âã ¢®§¬®¦−®áâì ¯¥à¥¤�ç¨ ¤�−−ëå, ®¯¨á�−−ëå ¢ à�§¤. 4 ¨ 6. �¡-
å®¤®¬ ¬¥¦á¥â¥¢®£® íªà�−� ¬®¦¥â ¯®á«ã¦¨âì ¨á¯®«ì§®¢�−¨¥ ¤àã£®£® ¯à®â®ª®«�.
Š ¯à¨¬¥àã, ¯à¥¤¯®«�£�¥âáï, çâ® ®â«¨ç¨âì ®¡à�é¥−¨¥ �£¥−â� ¯® ¯à®â®ª®«ã http
ª ª�ª®¬ã-«¨¡® á¥à¢¥àã ®â ®¡à�é¥−¨ï ¯®«ì§®¢�â¥«ï ª �−�«®£¨ç−®¬ã á¥à¢¥àã á ¯®-
¬®éìî ¡à�ã§¥à� ¡®«¥¥ âàã¤®¥¬ª�ï §�¤�ç� ¤«ï ¬¥¦á¥â¥¢®£® íªà�−�, âà¥¡ãîé�ï
á®§¤�−¨ï á¯¨áª� ¤®¢¥à¥−−ëå ¯à¨«®¦¥−¨©, ¨¬¥îé¨å ¤®áâã¯ ª ª®¬¯ìîâ¥à−®© á¥â¨
¢®®¡é¥.

�¥®¡å®¤¨¬® â�ª¦¥ ®â¬¥â¨âì, çâ® ¤«ï §�é¨âë ¡¥á¯à®¢®¤−®© á¥â¨ ®â à�¡®âë
®¯¨á�−−ëå �£¥−â®¢ ¬®¦−® ¨á¯®«ì§®¢�âì �Š, �−�«®£¨ç−ë© �Š �. �à®ä¥áá¨®-
−�«ì−ë© á¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à ¬®¦¥â ¢ëï¢«ïâì ¬®¤¨ä¨æ¨à®¢�−−ë¥ ¯�ª¥-
âë á ¯®¬®éìî �� CV, −�áâà®¨¢ á®®â¢¥âáâ¢ãîé¨¬ ®¡à�§®¬ ä¨«ìâàë á¥â¥¢ëå
ª�¤à®¢. �® ®âá«¥¤¨âì ¯ã«ìá�æ¨¨ âà�ä¨ª�, á®§¤�¢�¥¬ë¥ �£¥−â®¬, ¡¥§ ��, ¢ë-
ï¢«ïîé¥£® áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨ ®âª«®−¥−¨ï à�¡®âë á¥â¨, áª®à¥¥ ¢á¥£®, −¥
¯®«ãç¨âáï. �®«¥¥ â®£®, ¥á«¨ ¯à¥¤¯®«®¦¨âì, çâ® �£¥−â á¯®á®¡¥− ¯à¨¬¥−ïâì à�§−ë¥
¬®¤¨ä¨ª�æ¨¨ ®¯¨á�−−ëå á¯®á®¡®¢ ¯à¨¥¬�{¯¥à¥¤�ç¨ ¢ à�§«¨ç−ëå ª®¬¡¨−�æ¨ïå,
â® ¢ëï¢«¥−¨¥ à�¡®âë �£¥−â� áâ�−®¢¨âáï ¡®«¥¥ âàã¤®¥¬ª®© §�¤�ç¥©. �à®¢¥¤¥-
−¨¥ �−�«¨§� ¢ëï¢«ï¥¬®áâ¨, −�¤¥¦−®áâ¨, ã−¨çâ®¦�¥¬®áâ¨ ®¯¨á�−−ëå á¯®á®¡®¢
¯à¨¥¬�{¯¥à¥¤�ç¨ | íâ® à�¡®â�, ª®â®à�ï ¡ã¤¥â ®¯¨á�−� ¢ á«¥¤ãîé¥© áâ�âì¥,
¯®á¢ïé¥−−®© íâ®© â¥¬�â¨ª¥.

8 Заключение

‚ áâ�âì¥ à�áá¬®âà¥−ë á¯®á®¡ë ®à£�−¨§�æ¨¨ áªàëâ®£® ¯à¨¥¬�{¯¥à¥¤�ç¨ ¤�−-
−ëå −� ¡�§¥ áâ�−¤�àâ� 802.11. ��«¨ç¨¥ ¢ §�£®«®¢ª¥ á¥â¥¢ëå ª�¤à®¢ −¥§�è¨ä-
à®¢�−−ëå ¤�−−ëå ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ª�¤àë ¤«ï ¯¥à¥¤�ç¨ ¯à®¨§¢®«ì−ëå
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‘ªàëâë¥ ª�−�«ë ¢ ¡¥á¯à®¢®¤−ëå á¥âïå áâ�−¤�àâ� 802.11

¤�−−ëå. ‘¢®¡®¤−®¥ à�á¯à®áâà�−¥−¨¥ í«¥ªâà®¬�£−¨â−®£® ¨§«ãç¥−¨ï ¡¥á¯à®¢®¤-
−®© á¥â¨ ¤¥«�¥â ¢®§¬®¦−ë¬ ¯¥à¥å¢�â á¥â¥¢®£® âà�ä¨ª� ã§«®¬, −¥ ¯®¤ª«îç¥−-
−ë¬ ª ¡¥á¯à®¢®¤−®© á¥â¨. ˆá¯®«ì§®¢�−¨¥ íâ¨å ®á®¡¥−−®áâ¥© ¡¥á¯à®¢®¤−ëå
á¥â¥© ¯®§¢®«¨«® ¯®áâà®¨âì ¬¥â®¤ë ¯à¨¥¬�{¯¥à¥¤�ç¨, ª®â®àë¥ ¡ë«¨ ®¯¨á�−ë
¢ áâ�âì¥.

„¥â�«ì−®¥ ¨§ãç¥−¨¥ ¢®§¬®¦−®áâ¥© áâ�−¤�àâ� 802.11 ¯à¨¢®¤¨â ª â®¬ã, çâ®
®âªàë¢�îâáï ¤®¯®«−¨â¥«ì−ë¥ ¢®§¬®¦−®áâ¨ ¯® ¯®áâà®¥−¨î áªàëâëå ª�−�«®¢,
â�ª¨å ª�ª, −�¯à¨¬¥à, ¨á¯®«ì§®¢�−¨¥ ª�¤à®¢ ¤¥�ãâ¥−â¨ä¨ª�æ¨¨.
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Abstract: The paper studies the possibility of building a covert channel using the
header of the 802.11 standard frame and some features of functioning of wireless
networks based on these standards. To construct a covert channel, the principles
of a wireless network, the connection and disconnection processes of wireless
clients, and the structure of the network frame have to be described. To confirm
the possibility of using the header of the network frame and the mechanism
of deauthentification of a wireless client for covert communication, the paper
describes the layout, which includes the necessary hardware and software, and
experiments. The experimental results confirm the possibility of building covert
channels in 802.11 wireless networks. Authors propose a way of using covert
channels described in the article as well as the methods of eliminating them.
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�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë ¯®¤å®¤ë ª ¯à®¥ªâ¨à®¢�−¨î á�¬®á¨−åà®−−®© (‘‘)
�¯¯�à�âãàë ¨ à�áá¬®âà¥−ë ãá«®¢¨ï ¢−ãâà¨á¨áâ¥¬−®© ¨−â¥£à�æ¨¨ á¨−åà®−−ëå
¨ ‘‘-ãáâà®©áâ¢ ¢ à�¬ª�å áã¯¥à-�‚Œ −� ¯à¨¬¥à¥ à�§à�¡®âª¨ ‘‘-ãáâà®©áâ¢�
ã¬−®¦¥−¨ï-á«®¦¥−¨ï, á®®â¢¥âáâ¢ãîé¥£® áâ�−¤�àâã IEEE 754 ¨ ¢ë¯®«−ïîé¥-
£® «¨¡® ®¤−ã ®¯¥à�æ¨î ¤¢®©−®© â®ç−®áâ¨, «¨¡® ®¤−®¢à¥¬¥−−® ¤¢¥ ®¯¥à�æ¨¨
®¤¨−�à−®© â®ç−®áâ¨ −�¤ âà¥¬ï ®¯¥à�−¤�¬¨. “áâà®©áâ¢® à¥�«¨§®¢�−® ¯® â¥å-
−®«®£¨¨ ŠŒ�� (ª®¬¯«¥¬¥−â�à−�ï áâàãªâãà� ¬¥â�««{®ªá¨¤{¯®«ã¯à®¢®¤−¨ª)
á ¯à®¥ªâ−ë¬¨ −®à¬�¬¨ 65 −¬ á ¨á¯®«ì§®¢�−¨¥¬ ¢ ã¬−®¦¨â¥«¥ ‘‘ âà®¨ç−®£®
ª®¤¨à®¢�−¨ï. ‚ §�¢¨á¨¬®áâ¨ ®â ¨á¯®«−¥−¨ï ®−® à�¡®â�¥â á �á¨−åà®−−ë¬
¨«¨ á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ ¨ ®¡¥á¯¥ç¨¢�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì −� ãà®¢-
−¥ −¥ ¬¥−¥¥ 1 £¨£�ä«®¯á� ¯à¨ ¢à¥¬¥−¨ §�¤¥à¦ª¨ ä®à¬¨à®¢�−¨ï à¥§ã«ìâ�â�
®â−®á¨â¥«ì−® ¯®áâã¯«¥−¨ï ¢å®¤−ëå ®¯¥à�−¤®¢ −¥ ¡®«¥¥ 6 −á.
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1 Введение

‘®¢à¥¬¥−−ë¥ áã¯¥à-�‚Œ ¯¥â�ä«®¯á−®£® ª«�áá� ¨á¯®«ì§ãîâ ¬¥−¥¥ 35% ¢ë-
ç¨á«¨â¥«ì−®© ¬®é−®áâ¨ ¤«ï −¥¯®áà¥¤áâ¢¥−−ëå ¢ëç¨á«¥−¨© [1]. �áâ�«ì−ë¥
à¥áãàáë à�áå®¤ãîâáï −� ®¡¥á¯¥ç¥−¨¥ ¤®áâ®¢¥à−®áâ¨ à¥§ã«ìâ�â®¢ ¢ëç¨á«¥−¨©.
�à¨ íâ®¬ ¨å −�à�¡®âª� −� ®âª�§ á®áâ�¢«ï¥â ∼ 55 ç (¤�−−ë¥ −� 2013 £. á®®â-
¢¥âáâ¢ãîâ áã¯¥à-�‚Œ, á®¤¥à¦�é¨¬ 100 000 ï¤¥à ¢ëç¨á«¨â¥«ì−ëå ãáâà®©áâ¢).
„«ï áã¯¥à-�‚Œ íªá�ä«®¯á−®£® ª«�áá�, £¤¥ ç¨á«® ï¤¥à ¯®¢ëè�¥âáï ¯®çâ¨ −� âà¨
¯®àï¤ª�, � −®à¬ë ¯à®¥ªâ¨à®¢�−¨ï á¢¥àå¡®«ìè¨å ¨−â¥£à�«ì−ëå áå¥¬ (‘�ˆ‘)
á®ªà�é�îâáï ¢ 2{3 à�§�, ¯®ª�§�â¥«¨ −�¤¥¦−®áâ¨ ¢ëç¨á«¥−¨© ¨ −�à�¡®âª� −�
®âª�§ ¬®£ãâ ®ª�§�âìáï áãé¥áâ¢¥−−® åã¦¥. ÷¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë ¢®§¬®¦−® «¨¡®
ª�à¤¨−�«ì−®© §�¬¥−®© â¥å−®«®£¨ç¥áª®£® ¡�§¨á� ¢ëç¨á«¨â¥«¥©, «¨¡® ¨á¯®«ì§®¢�-

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 13-07-12068 ®ä¨ ¬).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ISokolov@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, YStepchenkov@ipiran.ru
3��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,

bobkov@cs.niisi.ras.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, YRogdest@ipiran.ru
5ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, diaura@mail.ru
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“¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë

−¨¥¬ �¯¯�à�â−ëå ¬¥â®¤®¢ ª®−âà®«ï −�¤¥¦−®áâ¨ ¨ á�¬®à¥¬®−â� ¢ëç¨á«¨â¥«ì−ëå
áà¥¤áâ¢ ¢ â¥¬¯¥ à¥�«ì−ëå ¢ëç¨á«¥−¨©. ‘®§¤�−¨¥ ¨ £«ã¡®ª�ï â¥å−®«®£¨ç¥áª�ï
¯à®à�¡®âª� −®¢®£® ¡�§¨á� ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ (‚‘) ¢¨¤¨âáï ¢ ¢¥áì¬� ®â-
¤�«¥−−®© ¯¥àá¯¥ªâ¨¢¥, ¢ â® ¢à¥¬ï ª�ª ¤«ï ¢â®à®£® ¢�à¨�−â� à¥è¥−¨ï ¬®¦−®
ã¦¥ á¥©ç�á ¯à¥¤«®¦¨âì CC-cå¥¬®â¥å−¨ªã, ¤®áâ�â®ç−® å®à®è® ¯à®à�¡®â�−−ãî
¨ ®â¢¥ç�îéãî ¢ë¤¢¨£�¥¬ë¬ âà¥¡®¢�−¨ï¬.

„�−−�ï à�¡®â� ¯®á¢ïé¥−� à�áè¨à¥−¨î ª«�áá� ‘‘-¡«®ª®¢ ¢ëç¨á«¨â¥«ì−®£®
ï¤à� ¤«ï áã¯¥à-�‚Œ. ÷�−¥¥ ¡ë« à�§à�¡®â�− ¨ ¨§£®â®¢«¥− ª¢�§¨á�¬®á¨−åà®−−ë©
¡«®ª ¤¥«¥−¨ï/¨§¢«¥ç¥−¨ï ª®à−ï [3, 2] 64/32-à�§àï¤−®© �à¨ä¬¥â¨ª¨ ¢ â¥å-
−®«®£¨¨ 180 ¨ 65 −¬. ‡¤¥áì ¨§«�£�îâáï ®á−®¢−ë¥ ¯à¨−æ¨¯ë ¯à®¥ªâ¨à®¢�−¨ï
‘‘-ãáâà®©áâ¢� ã¬−®¦¥−¨ï-á«®¦¥−¨ï 64/32-à�§àï¤−®áâ¨ £¨£�ä«®¯á−®£® ª«�áá�
¤«ï áã¯¥à-�‚Œ, ãç¨âë¢�îé¨¥ ®á®¡¥−−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ‘‘-áå¥¬.

�¥á¬®âàï −� â¥®à¥â¨ç¥áª¨ ¤®ª�§�−−ë¥ ¨ ¯à�ªâ¨ç¥áª¨ ¯®¤â¢¥à¦¤¥−−ë¥ ¯à¥-
¨¬ãé¥áâ¢� ‘‘-¨§¤¥«¨© (¢ â®¬ ç¨á«¥ à�§à�¡®â�−−ëå, ¨§£®â®¢«¥−−ëå ¨ ¨á¯ë-
â�−−ëå �¢â®à�¬¨ −�áâ®ïé¥© áâ�âì¨), ª®¬¬¥àç¥áª¨å ‘‘-¨§¤¥«¨© −¥¬−®£® [4],
� á¢¥¤¥−¨ï ®¡ ¨å ãá¯¥è−®© íªá¯«ã�â�æ¨¨ ¢ à�¬ª�å ªàã¯−ëå ‚‘ ®âáãâáâ¢ãîâ.
�à¥¤áâ�¢«ï¥âáï, çâ® ®¤−®© ¨§ ¯à¨ç¨− ï¢«ï¥âáï ¯à®¡«¥¬� ¢áâà�¨¢�−¨ï ‘‘-¨§¤¥-
«¨© ¢ £«®¡�«ì−®¥ á¨−åà®−−®¥ ®ªàã¦¥−¨¥. ‚ àï¤¥ à�¡®â ‚. ˆ. ‚�àè�¢áª®£® ¡ë«�
¯à¥¤«®¦¥−� ¬¥â®¤®«®£¨ï ¯®áâà®¥−¨ï ªàã¯−ëå ‚‘ ¢ ¢¨¤¥ GALA-á¨áâ¥¬ (Global
Asynchronous / Local Arbitrary). …á«¨ ¡ë ¥¥ ¯à¨−ï«¨ −� ¢®®àã¦¥−¨¥ ª®−áâàãª-
â®àë áã¯¥à-�‚Œ, â® ¯à®¡«¥¬� ¢−¥¤à¥−¨ï ‘‘-¨§¤¥«¨© ¡ë«� ¡ë à¥è¥−�. ��
ãà®¢−¥ á¨áâ¥¬−®£® ¨−â¥àä¥©á� áã¯¥à-�‚Œ à¥�«¨§ã¥âáï �á¨−åà®−−ë© ¨−â¥àä¥©á
®¡¬¥−� ¢§�¨¬®¤¥©áâ¢ãîé¨å ãáâà®©áâ¢, � −� ãà®¢−¥ «®ª�«ì−®£® ¨−â¥àä¥©á� |
¯à®¨§¢®«ì−ë©. ’�ª¨¬ ®¡à�§®¬, −� ãà®¢−¥ «®ª�«ì−®£® ¨−â¥àä¥©á� ¯à®¥ªâ¨à®¢-
é¨ª ¬®¦¥â ¨á¯®«ì§®¢�âì è¨à®ªãî £�¬¬ã à¥è¥−¨© | ®â à¥�«¨§�æ¨¨ ¯®«−®©
á�¬®á¨−åà®−¨§�æ¨¨ ¤® ¨á¯®«ì§®¢�−¨ï «®ª�«ì−®£® £¥−¥à�â®à�. ‚á¥ §�¢¨á¨â ®â
æ¥«¨ ¯à®¥ªâ¨àã¥¬®£® ¨§¤¥«¨ï.

�® ¨¬¥−−® ¯à¨ â�ª®© áâà�â¥£¨ç¥áª®© «¨−¨¨ ¯®áâà®¥−¨ï áã¯¥à-�‚Œ ®¡¥á¯¥-
ç¨¢�¥âáï ¢®§¬®¦−®áâì ¯®áâ¥¯¥−−®£® ¢−¥¤à¥−¨ï ‘‘-¨§¤¥«¨© (¯® ¬¥à¥ ¯®ï¢«¥−¨ï
¨å −� àë−ª¥) ¢ ®¡éãî áâàãªâãàã ¤«ï ¤®áâ¨¦¥−¨ï âà¥¡ã¥¬ëå ¯�à�¬¥âà®¢ (−�¤¥¦-
−®áâ−ëå ¯®ª�§�â¥«¥© ¨«¨ í−¥à£®íää¥ªâ¨¢−®áâ¨).

�¯¥à�æ¨ï úã¬−®¦¥−¨¥ ¤¢ãå ®¯¥à�−¤®¢ ¨ á«®¦¥−¨¥ ¯à®¨§¢¥¤¥−¨ï á âà¥âì¨¬
®¯¥à�−¤®¬û (Fused Multiply-Add, FMA) á 1990-å ££. áâ�«� è¨à®ª® ¢−¥¤àïâìáï
¢ ¬¨ªà®¯à®æ¥áá®àë ®¡é¥£® ¨ á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï. ‚ ¢¨¤¥ ®¤−®© ¨−áâàãªæ¨¨
®−� à¥�«¨§®¢�−� ¢ ¬¨ªà®¯à®æ¥áá®à�å IBM POWER1 (1990 £.) ¨ áâ�àè¥, Fujitsu
SPARC64 (1995 £.), HP PA-8000 (1996 £.), Intel Itanium (2001 £.), IBM Cell
(2005 £.), ¢ ¯à®æ¥áá®à�å AMD (2012 £.), ¢ £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å NVIDIA
Tesla T10 (GPGPU) [5]. ‚ 2008 £. ®−� ¢®è«� ¢ áâ�−¤�àâ IEEE 754 [6]. �â�
®¯¥à�æ¨ï ®¡ëç−® ¢ë¯®«−ï¥âáï ¡ëáâà¥¥, ç¥¬ ¯�à� ¯®á«¥¤®¢�â¥«ì−ëå ¨−áâàãªæ¨©
ã¬−®¦¥−¨ï ¨ á«®¦¥−¨ï, ¨ â®ç−¥¥ §� áç¥â ®âáãâáâ¢¨ï ¯à®¬¥¦ãâ®ç−®£® ®ªàã£«¥-
−¨ï ¯à®¨§¢¥¤¥−¨ï. ‚ ¡®«ìè¨−áâ¢¥ ¯ã¡«¨ª�æ¨© à�áá¬�âà¨¢�îâáï á¨−åà®−−ë¥
ãáâà®©áâ¢� FMA [7, 8], −® ¢ ¯®á«¥¤−¨¥ £®¤ë ¢á¥ ¡®«ìè¥ ¯ã¡«¨ª�æ¨© ¯®á¢ïé�¥âáï
�á¨−åà®−−ë¬ FMA, −�¯à¨¬¥à [9, 10]. �−�«¨§ ¯®á«¥¤−¨å ¯®ª�§�«, çâ® ®−¨ ®¯¨à�-
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îâáï −� ¨á¯®«ì§®¢�−¨¥ â�ª −�§ë¢�¥¬®© á¯¥ªã«ïâ¨¢−®© ¨−¤¨ª�æ¨¨ (Bounded delay)
¨ á«�¡ëå âà�−§¨áâ®à®¢. ˆá¯®«ì§®¢�−¨¥ á¯¥ªã«ïâ¨¢−®© ¨−¤¨ª�æ¨¨ | ®ª®−ç�−¨¥
¯¥à¥å®¤−ëå ¯à®æ¥áá®¢ ¨−¤¨æ¨àã¥âáï â®«ìª® −� −¥ª®â®à®¬ ªà¨â¨ç¥áª®¬ ¯ãâ¨ |
¯®§¢®«ï¥â à¥§ª® á®ªà�â¨âì ®¡ê¥¬ ®¡®àã¤®¢�−¨ï −� ¨−¤¨ª�â®à−ãî ç�áâì, −® ¯à¨-
¢®¤¨â ª ¯®â¥à¨ á�¬®¯à®¢¥àï¥¬®áâ¨ ®â−®á¨â¥«ì−® ª®−áâ�−â−ëå −¥¨á¯à�¢−®áâ¥©.
ˆá¯®«ì§®¢�−¨¥ á«�¡ëå âà�−§¨áâ®à®¢ ¯®§¢®«ï¥â ã¬¥−ìè¨âì ®¡é¥¥ ç¨á«® âà�−-
§¨áâ®à®¢, −® ¯à¨¢®¤¨â ª áãé¥áâ¢¥−−®¬ã á−¨¦¥−¨î ãà®¢−ï ¯®¬¥å®ãáâ®©ç¨¢®áâ¨
�¯¯�à�âãàë.

�®«¥¥ â®£®, ¨á¯®«ì§®¢�−¨¥ ãª�§�−−ëå ¯à¨¥¬®¢ ã¬¥−ìè�¥â ¯®«¥§−ãî §®−ã
à�¡®â®á¯®á®¡−®áâ¨ ‘‘-¨§¤¥«¨©, ®á®¡¥−−® ¢ ®¡«�áâ¨ ¯à¥¤¥«ì−® −¨§ª¨å ¯¨â�îé¨å
−�¯àï¦¥−¨©. ˆ¬¥−−® íâ® ¯à¥¨¬ãé¥áâ¢® ‘‘-áå¥¬ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® á−¨§¨âì
¤¨−�¬¨ç¥áªãî ¨ áâ�â¨ç¥áªãî á®áâ�¢«ïîé¨¥ í−¥à£®¯®âà¥¡«¥−¨ï ¤«ï â®© ç�áâ¨
�¯¯�à�âãàë áã¯¥à-�‚Œ, ª®â®à�ï ¢ −�áâ®ïé¨© ¬®¬¥−â «¨¡® −¥ ¨á¯®«ì§ã¥âáï
¢®®¡é¥ (−¥ §�¤¥©áâ¢®¢�−� ¢ â¥ªãé¥© §�¤�ç¥), «¨¡® ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−�
á áãé¥áâ¢¥−−® ¬¥−ìè¥© ¯à®¨§¢®¤¨â¥«ì−®áâìî, ¯ãâ¥¬ ¤¨−�¬¨ç¥áª®£® á−¨¦¥−¨ï
¯¨â�îé¥£® −�¯àï¦¥−¨ï [11].

“ª�§�−−ë¥ ¢¨¤ë ‘‘-áå¥¬ ï¢«ïîâáï −¥¯à¨¥¬«¥¬ë¬¨ ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ á®-
áâ�¢¥ áã¯¥à-�‚Œ. ‚ à�¬ª�å á«®¦¨¢è¥©áï −� á¥£®¤−ï ª«�áá¨ä¨ª�æ¨¨ æ¥«ï¬
áã¯¥à-�‚Œ ®â¢¥ç�îâ â®«ìª® ¤¢� ª«�áá� CC-áå¥¬:

(1) áå¥¬, ¯à�¢¨«ì−�ï à�¡®â� ª®â®àëå −¥ §�¢¨á¨â ®â §�¤¥à¦¥ª í«¥¬¥−â®¢ ¨ ®â
§�¤¥à¦¥ª ¢ ¯à®¢®¤�å ¯à¨ ãá«®¢¨¨, çâ® à�§−¨æ� §�¤¥à¦¥ª ¢ ¯à®¢®¤�å ¯®á«¥
à�§¢¥â¢«¥−¨ï ¬¥−ìè¥ ¬¨−¨¬�«ì−® ¢®§¬®¦−®© §�¤¥à¦ª¨ ¡�§®¢®£® í«¥¬¥−â�
¡¨¡«¨®â¥ª¨. ’�ª¨¥ áå¥¬ë −�§ë¢�îâáï −¥§�¢¨á¨¬ë¬¨ ®â §�¤¥à¦¥ª í«¥¬¥−â®¢
(�‡�). ‚ §�¯�¤−®© ª«�áá¨ä¨ª�æ¨¨ ¨¬ á®®â¢¥âáâ¢ãîâ speed-independed (SI),
¨«¨ quasi-delay-insensitive áå¥¬ë;

(2) áå¥¬, ¯à�¢¨«ì−�ï à�¡®â� ª®â®àëå −¥ §�¢¨á¨â −¨ ®â §�¤¥à¦¥ª í«¥¬¥−â®¢,
−¨ ®â §�¤¥à¦¥ª ¢ á®¥¤¨−ïîé¨å ¨å ¯à®¢®¤�å. �® á«®¦¨¢è¥©áï §�¯�¤−®©
ª«�áá¨ä¨ª�æ¨¨ â�ª¨¥ áå¥¬ë −�§ë¢�îâáï delay-insensitive (DI) áå¥¬�¬¨.

Ÿàª¨¬ ¯à¥¤áâ�¢¨â¥«¥¬ DI-áå¥¬ ï¢«ï¥âáï NCL-áå¥¬� (Null Convention Log-
ic) [12]. �à®¢¥¤¥−−ë© �¢â®à�¬¨ áà�¢−¨â¥«ì−ë© áå¥¬®â¥å−¨ç¥áª¨© �−�«¨§ �‡�-
¨ NCL-áå¥¬ [13] ¯®ª�§�«, çâ® ú�‡� áå¥¬ë, à�§à�¡�âë¢�¥¬ë¥ ¢ á®®â¢¥âáâ¢¨¨
á ¬¥â®¤®«®£¨¥©, ¯à®¤¢¨£�¥¬®© ˆ�ˆ ÷��, ®¡«�¤�îâ ¬¥−ìè¨¬¨ �¯¯�à�âãà−ë¬¨
§�âà�â�¬¨ (¢ 4,49 à�§� ¯à¨ à¥�«¨§�æ¨¨ ¤¢®¨ç−®£® áç¥âç¨ª�, ¢ 1,13 à�§� ¯à¨
à¥�«¨§�æ¨¨ ã¬−®¦¨â¥«ï 4 × 4, ¤® 2 à�§ ¯à¨ à¥�«¨§�æ¨¨ ¡®«¥¥ ¯à®áâëå «®£¨-
ç¥áª¨å áå¥¬), ¡®«ìè¥© ¯à®¨§¢®¤¨â¥«ì−®áâìî ¨ ¬¥−ìè¨¬ í−¥à£®¯®âà¥¡«¥−¨¥¬ ¯®
áà�¢−¥−¨î á NCL-áå¥¬�¬¨û. �®íâ®¬ã ¨¬¥−−® ¨å æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì
¢ ª�ç¥áâ¢¥ áå¥¬®â¥å−¨ç¥áª®£® ¡�§¨á� áã¯¥à-�‚Œ íªá�ä«®¯á−®£® ª«�áá�.

‚ ®â«¨ç¨¥ ®â á¨−åà®−−®©, �‡�-áå¥¬®â¥å−¨ª� ¨á¯®«ì§ã¥â §�¯à®á-®â¢¥â−ãî
¤¨áæ¨¯«¨−ã ¢§�¨¬®¤¥©áâ¢¨ï ¡«®ª®¢, ‘‘-ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨£−�-
«®¢ ¨ à�§¢¨âãî á¨áâ¥¬ã ¨−¤¨ª�æ¨¨ à�§¢¨â¨ï ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�. �®íâ®¬ã
¯®ï¢«¥−¨¥ «î¡®© ª®−áâ�−â−®© −¥¨á¯à�¢−®áâ¨ ¢ «î¡®© æ¥¯¨ â�ª®© áå¥¬ë ¯à¨¢®¤¨â
ª ®áâ�−®¢ª¥ ¢ëç¨á«¥−¨© −� á®®â¢¥âáâ¢ãîé¥¬ ¨−¤¨ª�â®à¥ ¨ −¥¬¥¤«¥−−®© «®ª�«¨-
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“¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë

§�æ¨¨ ¯à®¡«¥¬ë. �â® ¯®§¢®«ï¥â ¯à�ªâ¨ç¥áª¨ ¢ â¥¬¯¥ ¢ëç¨á«¥−¨© ¯à¥¤®áâ�¢¨âì
à¥§¥à¢−ë© �¯¯�à�â−ë© à¥áãàá ¨ ¯à®¤®«¦¨âì ¡¥§®è¨¡®ç−ãî à�¡®âã ¢á¥£® ãáâà®©-
áâ¢� (®áãé¥áâ¢«ï¥âáï á�¬®à¥¬®−â). ‚ àï¤¥ á«ãç�¥¢ ¯à¨¬¥−¥−¨¥ �‡�-áå¥¬®â¥å-
−¨ª¨ ¬®¦¥â ¯®§¢®«¨âì ¢ −¥áª®«ìª® à�§ ã¢¥«¨ç¨âì à¥�«ì−ãî ¯à®¨§¢®¤¨â¥«ì−®áâì
áã¯¥à-�‚Œ íªá�ä«®¯á−®£® ª«�áá�.

�¥§�¢¨á¨¬ë¥ ®â §�¤¥à¦¥ª í«¥¬¥−â®¢ áå¥¬ë ®¡¥á¯¥ç¨¢�îâ ã¬¥−ìè¥−¨¥ í−¥à£¥-
â¨ç¥áª¨å à�áå®¤®¢, á¢ï§�−−ëå á ¨§êïâ¨¥¬ ¨§ áå¥¬ë £¥−¥à�â®à� â�ªâ®¢ëå ¨¬¯ã«ì-
á®¢ ¨ úª«®ª®¢®£® ¤¥à¥¢�û, ª®â®àë¥ ®¯à¥¤¥«ïîâ §−�ç¨â¥«ì−ãî ¤®«î ¤¨−�¬¨ç¥áª®©
¨ áâ�â¨ç¥áª®© á®áâ�¢«ïîé¨å à�áá¥¨¢�¥¬®© ¬®é−®áâ¨ | ®â 30% ¤® 50% ®â ®¡é¥£®
í−¥à£®¯®âà¥¡«¥−¨ï á¨−åà®−−®© áå¥¬ë. ˆá¯®«−¥−¨¥ �¯¯�à�âãàë ¢ �‡�-¡�§¨-
á¥ ®¡¥á¯¥ç¨¢�¥â �¢â®¬�â¨ç¥áª¨© ¯¥à¥¢®¤ ¢ í−¥à£®á¡¥à¥£�îé¨© à¥¦¨¬ â®© ç�áâ¨
�¯¯�à�âãàë, ª®â®à�ï −¥ ¨á¯®«ì§ã¥âáï ¢ â¥ªãé¥¬ æ¨ª«¥ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨.
‘®åà�−¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ �‡�-áå¥¬ ¯à¨ á¢¥àå¬�«ëå §−�ç¥−¨ïå ¯¨â�îé¨å
−�¯àï¦¥−¨© ®âªàë¢�¥â è¨à®ª¨¥ ¯¥àá¯¥ªâ¨¢ë ¤«ï ¯à®¥ªâ¨à®¢�−¨ï í−¥à£®íää¥ª-
â¨¢−ëå ¨§¤¥«¨©. ‚¢¥¤¥−¨¥ ¯à®£à�¬¬−®-�¯¯�à�â−ëå ¢®§¬®¦−®áâ¥© à¥£ã«¨à®¢ª¨
ãà®¢−ï ¯¨â�îé¨å −�¯àï¦¥−¨© ¯®§¢®«¨â áãé¥áâ¢¥−−® á−¨§¨âì í−¥à£®¯®âà¥¡«¥−¨¥
¬¨ªà®áå¥¬ ¢ àï¤¥ à¥¦¨¬®¢.

�«�â®© §� â�ª¨¥ ¯à¥¨¬ãé¥áâ¢� ï¢«ï¥âáï �¯¯�à�â−�ï ¨§¡ëâ®ç−®áâì ¨ ¤®¯®«-
−¨â¥«ì−ë¥ ¢à¥¬¥−−‚ë¥ §�âà�âë −� ¨−¤¨ª�æ¨î ¨ ¤®¯®«−¨â¥«ì−ãî ä�§ã ú£�è¥−¨ïû
¢ à�¡®â¥ ‘‘-í«¥¬¥−â®¢. ƒà�¬®â−®¥ ¯à®¥ªâ¨à®¢�−¨¥ íâ¨å áå¥¬ ¯®§¢®«ï¥â áãé¥-
áâ¢¥−−® á−¨§¨âì íâã ¨§¡ëâ®ç−®áâì, � ¢ àï¤¥ á«ãç�¥¢ [14] ¨ ¯®«ãç¨âì «ãçè¨¥, ç¥¬
¢ á¨−åà®−−ëå áå¥¬�å, à¥§ã«ìâ�âë.

–¥«ì ¤�−−®© áâ�âì¨ | ®æ¥−ª� ¯®¤å®¤®¢ ª à�§à�¡®âª¥ SI-ãáâà®©áâ¢� ã¬−®¦¥-
−¨ï-á«®¦¥−¨ï (SIFMA) ¯® áâ�−¤�àâã IEEE 754 [6], ®¡«�¤�îé¥£® à�áè¨à¥−−ë¬¨
¢®§¬®¦−®áâï¬¨ ¨ ®à¨¥−â¨à®¢�−−®£® −� ¨á¯®«ì§®¢�−¨¥ ¢ áã¯¥à-�‚Œ.

2 Особенности разрабатываемого SIFMA

�¡«�áâì ¯à¨¬¥−¥−¨ï ¤�−−®£® SIFMA ¢ë¤¢¨£�¥â ¢ ª�ç¥áâ¢¥ ®á−®¢−®£® âà¥-
¡®¢�−¨ï ¬¨−¨¬�«ì−®¥ í−¥à£®¯®âà¥¡«¥−¨¥ ¯à¨ ¤®áâ�â®ç−® ¢ëá®ª®© ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ [1]. �à¥¤¯®«�£�¥¬�ï ¯à®¨§¢®¤¨â¥«ì−®áâì | 1{4 ƒä«®¯á. �−� ®¯à¥-
¤¥«ï¥âáï áà�¢−¨â¥«ì−® −¥¢ëá®ª®© â�ªâ®¢®© ç�áâ®â®© ¤«ï ¬�è¨− íªá�ä«®¯á−®£®
ª«�áá� ¨ ¡®«ìè¨¬ ç¨á«®¬ ã§«®¢ SIFMA −� ®¤−ã ‘�ˆ‘. �−�«¨§ ¬¨−¨¬�ªá−®©
ªà¨¢®©, ¯®áâà®¥−−®© ¢ ª®®à¤¨−�â�å í−¥à£®¯®âà¥¡«¥−¨¥{¯«®é�¤ì ¢ á®®â¢¥âáâ¢¨¨
á ¬¥â®¤¨ª®©, ¯à¨¢¥¤¥−−®© ¢ [15], ¯à¨¬¥−¨â¥«ì−® ª â¥å−®«®£¨¨ 65 −¬ ¨ ª ¯à®¨§¢®-
¤¨â¥«ì−®áâ¨ SIFMA, ¯®§¢®«¨« ®¯à¥¤¥«¨âì ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯à®â®â¨¯�,
¢ë¡à�âì áâàãªâãà−ãî áå¥¬ã SIFMA ¨ ®¯à¥¤¥«¨âì ç¨á«® áâã¯¥−¥© ¢ ª®−¢¥©¥à−®©
à¥�«¨§�æ¨¨ −� 1 ƒä«®¯á à�¢−ë¬ 8. �à¥¤«�£�¥¬ë© ¢�à¨�−â SIFMA à�§à�¡�-
âë¢�«áï ¢ à�¬ª�å áâ�−¤�àâ−®© â¥å−®«®£¨¨ 65 −¬ á ®£à�−¨ç¥−¨¥¬ «�â¥−â−®áâ¨
®¯¥à�æ¨© ¢ 6 −á.

SIFMA ¯à¥¤−�§−�ç¥− ¤«ï ¯®â®ª®¢®© ®¡à�¡®âª¨ âà®¥ª ®¯¥à�−¤®¢ ¯ãâ¥¬ ¢ë¯®«-
−¥−¨ï ã¬−®¦¥−¨ï ¤¢ãå ®¯¥à�−¤®¢ ¨ á«®¦¥−¨ï á âà¥âì¨¬ ®¯¥à�−¤®¬ ¨«¨ ¢ëç¨â�−¨ï
¨§ âà¥âì¥£® ®¯¥à�−¤�.
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�¯¥à�−¤ë ¤¢®©−®© â®ç−®áâ¨ ¯à¥¤áâ�¢«ïîâáï ª�ª 64-à�§àï¤−ë¥ ç¨á«�, � ®¤¨-
−�à−ë¥ | ª�ª 32-à�§àï¤−ë¥ ç¨á«�. �â® ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì 64-à�§àï¤−ë¥
®¯¥à�−¤ë ¤«ï ¯¥à¥¤�ç¨ áà�§ã ¤¢ãå 32-à�§àï¤−ëå ç¨á¥«. ’¥¬ á�¬ë¬ á®§¤�¥âáï
¯à¥¤¯®áë«ª� ¤«ï ®¯æ¨®−�«ì−®© ®¡à�¡®âª¨ ®¤−¨¬ ãáâà®©áâ¢®¬ −¥ â®«ìª® ®¯¥à�−-
¤®¢ ¤¢®©−®© â®ç−®áâ¨, −® ¨ ®¤−®¢à¥¬¥−−®© ®¡à�¡®âª¨ ¤¢ãå ®¤−®â¨¯−ëå ®¯¥à�æ¨©
®¤¨−�à−®© â®ç−®áâ¨.

÷�§à�¡®â�−−ë© SIFMA ¢ë¯®«−ï¥â ®¯¥à�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ®¬
IEEE 754 á® á«¥¤ãîé¨¬¨ ãâ®ç−¥−¨ï¬¨:

{ −� ¢å®¤ ¯®áâã¯�îâ −®à¬�«¨§®¢�−−ë¥ ®¯¥à�−¤ë;

{ ¯¥à¥¬−®¦�¥¬ë¥ ®¯¥à�−¤ë −¥ ï¢«ïîâáï −ã«¥¢ë¬¨;

{ âà®©ª� ®¯¥à�−¤®¢ á®¤¥à¦¨â «¨¡® âà¨ ç¨á«� ¤¢®©−®© â®ç−®áâ¨, «¨¡® è¥áâì
ç¨á¥« ®¤¨−�à−®© â®ç−®áâ¨; ¢ ¯®á«¥¤−¥¬ á«ãç�¥ ®¤−®¢à¥¬¥−−® ¢ë¯®«−ïîâáï
¤¢¥ ®¯¥à�æ¨¨ −�¤ âà®©ª�¬¨ ®¯¥à�−¤®¢ ®¤¨−�à−®© â®ç−®áâ¨.

Šà®¬¥ â®£®, SIFMA ®¯æ¨®−�«ì−® ¢ë¯®«−ï¥â áà�§ã ¤¢¥ ®¯¥à�æ¨¨: á«®¦¥−¨¥
¯à®¨§¢¥¤¥−¨ï ¤¢ãå ®¯¥à�−¤®¢ á âà¥âì¨¬ ®¯¥à�−¤®¬ ¨/¨«¨ ¢ëç¨â�−¨¥ ¯à®¨§-
¢¥¤¥−¨ï ¨§ âà¥âì¥£® ®¯¥à�−¤�. ÷�áá¬�âà¨¢�¥¬®¥ ãáâà®©áâ¢® SIFMA à¥�«¨§ã¥â
á«¥¤ãîéãî á®¢®ªã¯−®áâì ¤¥©áâ¢¨© ¯® ®¡à�¡®âª¥ ¢å®¤−ëå ®¯¥à�−¤®¢ [7]:

1. ‚ëç¨á«¥−¨¥ íªá¯®−¥−âë à¥§ã«ìâ�â�.

2. “¬−®¦¥−¨¥ ¬�−â¨áá ¯¥à¢ëå ¤¢ãå ®¯¥à�−¤®¢.

3. ‚ëà�¢−¨¢�−¨¥ ¬�−â¨ááë âà¥âì¥£® ®¯¥à�−¤�.

4. ˆ−¢¥àâ¨à®¢�−¨¥ ¢ëà�¢−¥−−®© ¬�−â¨ááë âà¥âì¥£® ®¯¥à�−¤� ¢ á«ãç�¥ ä�ªâ¨-
ç¥áª®£® ¢ëç¨â�−¨ï ¯à®¨§¢¥¤¥−¨ï ¨§ âà¥âì¥£® ®¯¥à�−¤� ¨«¨ −�®¡®à®â.

5. ‘«®¦¥−¨¥ ¨/¨«¨ ¢ëç¨â�−¨¥ ¬�−â¨áá ¯à®¨§¢¥¤¥−¨ï ¨ âà¥âì¥£® ®¯¥à�−¤�.

6. �®«ãç¥−¨¥ ¬®¤ã«ï à¥§ã«ìâ�â� ¯à¨ ¥£® ®âà¨æ�â¥«ì−®¬ §−�ç¥−¨¨.

7. �®à¬�«¨§�æ¨ï ¬®¤ã«ï áã¬¬ë ¨/¨«¨ à�§−®áâ¨.

8. �ªàã£«¥−¨¥ −®à¬�«¨§®¢�−−®£® à¥§ã«ìâ�â�.

9. �®áâ−®à¬�«¨§�æ¨ï.

ƒ«�¢−®© ®á®¡¥−−®áâìî ®¯¨áë¢�¥¬®£® SIFMA ï¢«ï¥âáï ¥£® ¯à¨−�¤«¥¦−®áâì
ª ª«�ááã ãáâà®©áâ¢, ¯à�¢¨«ì−® à�¡®â�îé¨å ¯à¨ «î¡ëå §�¤¥à¦ª�å í«¥¬¥−â®¢,
−� ª®â®àëå ®−¨ à¥�«¨§®¢�−ë, | ª ª«�ááã ãáâà®©áâ¢, −¥ §�¢¨áïé¨å ®â §�¤¥à¦¥ª
í«¥¬¥−â®¢ [3, 2]. ‚à¥¬ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ −� −¥¬ ®¯à¥¤¥«ï¥âáï −¥ â�ªâ®¢ë¬
á¨£−�«®¬, � ãá«®¢¨ï¬¨ íªá¯«ã�â�æ¨¨: −�¯àï¦¥−¨¥¬ ¯¨â�−¨ï, â¥¬¯¥à�âãà®©
®ªàã¦�îé¥© áà¥¤ë | ¨ å�à�ªâ¥à®¬ ®¡à�¡�âë¢�¥¬ëå ®¯¥à�−¤®¢.

„®áâ¨£�îâáï â�ª¨¥ å�à�ªâ¥à¨áâ¨ª¨ á ¯®¬®éìî ª®¤¨à®¢�−¨ï á¨£−�«®¢ á¯¥æ¨-
�«ì−ë¬¨ ‘‘-ª®¤�¬¨ ¨ áà¥¤áâ¢ ¨−¤¨ª�æ¨¨ §�¢¥àè¥−¨ï ®â¤¥«ì−ëå íâ�¯®¢ ®¡à�¡®â-
ª¨ ¤�−−ëå. ‚ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ �‡�-áå¥¬ ¨á¯®«ì§ã¥âáï ¯�à�ä�§−ë©
ª®¤ ¨ ¨−¤¨ª�â®àë −� ƒ-âà¨££¥à�å.

”ã−¤�¬¥−â�«ì−®© ¯à®¡«¥¬®© ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬ ¤«ï áã¯¥à-�‚Œ
ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ¨−¤¨ª�æ¨¨ §�¢¥àè¥−¨ï ª�¦¤®£® íâ�¯� ¢ëç¨á«¥−¨© ¤«ï
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¢á¥å à�§àï¤®¢ ¬�è¨−−®£® á«®¢� ¯¥à¥¤ −�ç�«®¬ ¯®á«¥¤ãîé¥£® íâ�¯� ®¡à�¡®âª¨.
’�ª¨¥ ¨−¤¨ª�â®àë âà¥¡ãîâ áãé¥áâ¢¥−−ëå �¯¯�à�â−ëå §�âà�â ¨ ¯à¨¢−®áïâ ¤®-
¯®«−¨â¥«ì−ãî §�¤¥à¦ªã ¢ à�¡®âã ¯à®æ¥áá®à� �‚Œ ¢á«¥¤áâ¢¨¥ ¡®«ìè®© ¤«¨−ë
¬�è¨−−®£® á«®¢� ¨ ¨§¡ëâ®ç−®áâ¨ ‘‘-ª®¤¨à®¢�−¨ï.

‘ãé¥áâ¢ã¥â æ¥«ë© àï¤ ¢®§¬®¦−ëå à¥è¥−¨© íâ®© ¯à®¡«¥¬ë:

{ ¨á¯®«ì§®¢�−¨¥ á¯¥æ¨�«ì−ëå ¬−®£®¢å®¤®¢ëå ¨−¤¨ª�â®à−ëå í«¥¬¥−â®¢;

{ á®ªà�é¥−¨¥ ç¨á«� ¨−¤¨æ¨àã¥¬ëå à�§àï¤®¢;

{ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ á®ªà�é¥−¨¥ ç¨á«� ¢ëç¨á«¨â¥«ì−ëå í«¥¬¥−â®¢, âà¥-
¡ãîé¨å �¯¯�à�â−®© ¨−¤¨ª�æ¨¨ §�¢¥àè¥−¨ï ¯à®æ¥áá� ¢ëç¨á«¥−¨©.

�®¯ëâª¨ á®§¤�−¨ï íää¥ªâ¨¢−ëå ¬−®£®¢å®¤®¢ëå ¨−¤¨ª�â®à−ëå í«¥¬¥−â®¢
¯à¥¤¯à¨−¨¬�«¨áì ¬−®£®ªà�â−® [3, 6, 7]. ‚ àï¤¥ á«ãç�¥¢ ã¤�¢�«®áì ¯®«ãç¨âì
−¥ª®â®à®¥ á®ªà�é¥−¨¥ ¢à¥¬¥−−‚ëå §�âà�â, ª�ª ¯à�¢¨«® §� áç¥â á−¨¦¥−¨ï ¯®¬¥å®-
ãáâ®©ç¨¢®áâ¨ ¢á«¥¤áâ¢¨¥ ¨á¯®«ì§®¢�−¨ï á«�¡®â®ç−ëå �ªâ¨¢−ëå í«¥¬¥−â®¢.

‘®ªà�é¥−¨¥ ç¨á«� ¨−¤¨æ¨àã¥¬ëå à�§àï¤®¢ ¢®§¬®¦−® «¨¡® §� áç¥â ®âª�§�
®â áâà®£®© á�¬®á¨−åà®−−®áâ¨ ¨ ¨−¤¨ª�æ¨¨ §�¢¥àè¥−¨ï ¯à®æ¥áá� ¯® −¥¯®«−®¬ã
−�¡®àã à�§àï¤®¢ ¬�è¨−−®£® á«®¢� [1, 5], «¨¡® §� áç¥â ¯¥à¥å®¤� ª ¤¢ã¯®«ïà−®¬ã
¯¨â�−¨î, «¨¡® §� áç¥â ¨á¯®«ì§®¢�−¨ï n-§−�ç−®© �à¨ä¬¥â¨ª¨ (¯à¨ n > 2) ¢®
¢−ãâà¥−−¥¬ ¯à¥¤áâ�¢«¥−¨¨ ç¨á¥« [16].

�¥à¢®¥ à¥è¥−¨¥ áãé¥áâ¢¥−−® á−¨¦�¥â §�âà�âë −� ¨−¤¨ª�æ¨î, −® ¢ â®© ¦¥
¬¥à¥ «¨ª¢¨¤¨àã¥â ¢á¥ ¯à¥¨¬ãé¥áâ¢� ‘‘-áå¥¬. ‚â®à®© ¢�à¨�−â ã¬¥−ìè�¥â ¢ 2 à�-
§� ç¨á«® ¨−¤¨æ¨àã¥¬ëå á¨£−�«®¢, −® ¢¥¤¥â ª ãá«®¦−¥−¨î �¯¯�à�âãàë. ’à¥â¨©
¢�à¨�−â ¯à¨¢®¤¨â ª ãá«®¦−¥−−ë¬ �«£®à¨â¬�¬ −¥¯®áà¥¤áâ¢¥−−®© ¬�â¥¬�â¨ç¥-
áª®© ®¡à�¡®âª¨ ®¤−®£® à�§àï¤�. �®«®¦¨â¥«ì−®£® íää¥ªâ� ¢ íâ®¬ á«ãç�¥ ¬®¦−®
¤®áâ¨çì «¨èì §� áç¥â áãé¥áâ¢¥−−®£® á®ªà�é¥−¨ï ®¡é¥© ¤«¨â¥«ì−®áâ¨ ¢ëç¨á«¨-
â¥«ì−®£® ¯à®æ¥áá� á ¬¨−¨¬¨§�æ¨¥© ç¨á«� à�§àï¤®¢, âà¥¡ãîé¨å ¨−¤¨ª�æ¨¨.

�à¨¬¥−¨â¥«ì−® ª SIFMA íâ® âà¥¡®¢�−¨¥ ®§−�ç�¥â ¬¨−¨¬¨§�æ¨î ¨, ¥á«¨
íâ® ¢®§¬®¦−®, ®âª�§ ®â ¨−¤¨ª�æ¨¨ «î¡ëå ¯à®¬¥¦ãâ®ç−ëå áâ�¤¨© ¯à®æ¥áá�
ã¬−®¦¥−¨ï ¤¢ãå ç¨á¥« ¡®«ìè®© à�§àï¤−®áâ¨ ¤® ¥£® §�¢¥àè¥−¨ï.

2.1 Особенности реализации SIFMA большой разрядности

��¨¡®«¥¥ íää¥ªâ¨¢−ë¥ �«£®à¨â¬ë ã¬−®¦¥−¨ï, ¯à¨¬¥−ï¥¬ë¥ ¯à�ªâ¨ç¥áª¨
¢® ¢á¥å á�¬ëå ¬®é−ëå ¨ á®¢à¥¬¥−−ëå ¯à®æ¥áá®à�å, ¡�§¨àãîâáï −� �«£®à¨â¬�å
ª®¤¨à®¢�−¨ï �ãâ� ¨ á«®¦¥−¨ï −� ¡�§¥ ¤¥à¥¢� “®««¥á� ¨ ¨å ¬®¤¨ä¨ª�æ¨ïå.
�à¨ íâ®¬ ®á−®¢−ë¥ ¢à¥¬¥−−‚ë¥ ¨ �¯¯�à�â−ë¥ §�âà�âë ¯à¨å®¤ïâáï −� ¯à®æ¥¤ãàã
á«®¦¥−¨ï ç�áâ¨ç−ëå ¯à®¨§¢¥¤¥−¨©, ä®à¬¨àã¥¬ëå �«£®à¨â¬®¬ �ãâ�, ¨ à¥�«¨§ã-
¥¬ãî á ¯®¬®éìî ¤¥à¥¢� “®««¥á�. �®àì¡� §� ¯®¢ëè¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï ¯à¨¢¥«�
ª −�à�é¨¢�−¨î ª®−¢¥©¥à¨§�æ¨¨ ¢ à¥�«¨§�æ¨¨ �«£®à¨â¬� “®««¥á�.

‚à¥¬¥−−‚ë¥ §�âà�âë −� ®¯¥à�æ¨î ã¬−®¦¥−¨ï ¢ ª®−¢¥©¥à−®© à¥�«¨§�æ¨¨ tÕÍÎ.Ë
¬®¦−® ®à¨¥−â¨à®¢®ç−® ®æ¥−¨âì ª�ª

tÕÍÎ.Ë = tËÏÎ×.Î +
tÕÍÎ
n

,
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ˆ. �. ‘®ª®«®¢, ā. �. ‘â¥¯ç¥−ª®¢, ‘. ƒ. �®¡ª®¢ ¨ ¤à.

£¤¥ tËÏÎ×.Î | ¤®¯®«−¨â¥«ì−ë¥ ¢à¥¬¥−−‚ë¥ §�âà�âë −� ®à£�−¨§�æ¨î ª®−¢¥©¥à−®©
®¡à�¡®âª¨ ¤�−−ëå −� ª�¦¤®¬ íâ�¯¥ ª®−¢¥©¥à�; tÕÍÎ | ç¨áâ®¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï
®¯¥à�æ¨¨ ã¬−®¦¥−¨ï ¡¥§ ¨á¯®«ì§®¢�−¨ï ª®−¢¥©¥à¨§�æ¨¨; n | ç¨á«® áâã¯¥−¥©
ª®−¢¥©¥à� ¤«ï à¥�«¨§�æ¨¨ ã¬−®¦¥−¨ï.

‚ á¨−åà®−−ëå áå¥¬�å, −¥ âà¥¡ãîé¨å áà¥¤áâ¢ ¨−¤¨ª�æ¨¨ §�¢¥àè¥−¨ï ¯à®æ¥á-
á®¢ ¢ëç¨á«¥−¨© −� ª�¦¤®¬ íâ�¯¥ ª®−¢¥©¥à�, ã¤�¢�«®áì à¥�«¨§®¢�âì ãá«®¢¨¥

tÕÍÎ ≫ tËÏÎ×.Î .

�â® ¯®§¢®«ï«® ¨á¯®«ì§®¢�âì ª®−¢¥©¥à¨§�æ¨î ¢ ã¬−®¦¨â¥«¥ á n = 5{7 ¨ ¢ëè¥.
�¤−�ª® ¯à¨ íâ®¬ áãé¥áâ¢¥−−® à®á«¨ �¯¯�à�â−ë¥ §�âà�âë ¨ í−¥à£®¯®âà¥¡«¥−¨¥.

�¥à¥å®¤ ¢ ®¡«�áâì áã¡¬¨ªà®−−ëå â¥å−®«®£¨© (®£à�−¨ç¥−¨¥ ¯«®â−®áâ¨ â®ª� −�
ªà¨áâ�««¥) ¨ ¯®ï¢«¥−¨¥ ¬−®£®ï¤¥à−ëå ¯à®æ¥áá®à®¢ ¢−¥á«¨ á¢®¨ ª®àà¥ªâ¨¢ë ¢ íâ®â
¯à®æ¥áá. ‚ á®¢à¥¬¥−−ëå ¬−®£®ï¤¥à−ëå ¯à®æ¥áá®à�å áâ�à�îâáï «¨¡® á−¨§¨âì ¤®
¬¨−¨¬ã¬� ç¨á«® áâã¯¥−¥© ª®−¢¥©¥à� ¢ ¡«®ª¥ à¥�«¨§�æ¨¨ ¤¥à¥¢� “®««¥á�, «¨¡®
®âª�§�âìáï ®â −¨å ¢®®¡é¥. �â� â¥−¤¥−æ¨ï ¢¯®«−¥ á®®â¢¥âáâ¢ã¥â ¨ SIFMA-à¥�«¨-
§�æ¨¨. ‚á«¥¤áâ¢¨¥ −�«¨ç¨ï ¨−¤¨ª�â®à−ëå æ¥¯¥© ¤«ï −¨å

tËÏÎ×.Î ∼ 0,5tÕÍÎ . (1)

�â® á−¨¦�¥â íää¥ªâ¨¢−®áâì ª®−¢¥©¥à¨§�æ¨¨ ¨«¨ §�áâ�¢«ï¥â ®â −¥¥ ®âª�§�âìáï.
‚â®à�ï ¯à®¡«¥¬� ‘‘-à¥�«¨§�æ¨¨ ã¬−®¦¨â¥«ï | −�«¨ç¨¥ ä�§ë £�è¥−¨ï

¢ ¤¢ãåä�§−®© ‘‘-¤¨áæ¨¯«¨−¥. ‚ á«ãç�¥ SIFMA íâ� ¯à®¡«¥¬� ®á«®¦−ï¥âáï â¥¬,
çâ® áå¥¬� ï¢«ï¥âáï ¯®«−®áâìî ª®¬¡¨−�â®à−®©. �¥à¥å®¤ áå¥¬ë ¢ á¯¥©á¥à−®¥ á®-
áâ®ï−¨¥ ¯à®å®¤¨â ¯®á«¥¤®¢�â¥«ì−®. ‚á¥ ª�áª�¤ë ¤¥à¥¢� “®««¥á� ¯¥à¥ª«îç�îâáï
�−�«®£¨ç−® ®âà�¡®âª¥ à�¡®ç¥£® á®áâ®ï−¨ï. �â® ¤¥«�¥â ¤«¨â¥«ì−®áâì ¯¥à¥ª«îç¥-
−¨ï ¨ í−¥à£¥â¨ç¥áª¨¥ §�âà�âë ä�§ë £�è¥−¨ï ¯à�ªâ¨ç¥áª¨ à�¢−ë¬¨ á®®â¢¥âáâ¢ã-
îé¨¬ ¯�à�¬¥âà�¬ à�¡®ç¥© ä�§ë. ÷¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë §�¢¨á¨â ®â ¦¥áâª®áâ¨
âà¥¡®¢�−¨© ª ¡ëáâà®¤¥©áâ¢¨î ã¬−®¦¨â¥«ï ¨ ¯à¥¤¯®«�£�¥â ¤¢� ¢�à¨�−â�:

(1) á®ªà�é¥−¨¥ ¤«¨â¥«ì−®áâ¨ ä�§ë £�è¥−¨ï §� áç¥â ¤®¯®«−¨â¥«ì−ëå æ¥¯¥©
¡ëáâà®© ¨−¨æ¨�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå áâàãªâãà ã¬−®¦¨â¥«ï;

(2) ¨á¯®«ì§®¢�−¨¥ ¤¢ãå ¯�à�««¥«ì−® ¨ ¯à®â¨¢®ä�§−® à�¡®â�îé¨å ã¬−®¦¨â¥-
«¥©.

‚¢¥¤¥−¨¥ ¤®¯®«−¨â¥«ì−ëå æ¥¯¥© ¡ëáâà®© ¨−¨æ¨�«¨§�æ¨¨ áãé¥áâ¢¥−−® á®-
ªà�é�¥â ¢à¥¬¥−−‚ë¥ §�âà�âë −� ¯¥à¥å®¤ ¢ á¯¥©á¥à−®¥ á®áâ®ï−¨¥ ¨−ä®à¬�æ¨®−−ëå
æ¥¯¥©, ¨ ¤«¨â¥«ì−®áâì ä�§ë £�è¥−¨ï ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ ¡ã¤¥â ®¯à¥¤¥«ïâìáï
à�¡®â®© ¨−¤¨ª�â®à−ëå áå¥¬. �¤−�ª® á®®â−®è¥−¨¥ (1) ãª�§ë¢�¥â −� ®£à�−¨ç¥−-
−®áâì â�ª®£® á®ªà�é¥−¨ï. Šà®¬¥ â®£®, ¤®¯®«−¨â¥«ì−ë¥ æ¥¯¨ ¨−¨æ¨�«¨§�æ¨¨
ã¢¥«¨ç¨¢�îâ í−¥à£®¯®âà¥¡«¥−¨¥ ã¬−®¦¨â¥«ï ¨ ¯à¨¢−®áïâ ¤®¯®«−¨â¥«ì−ãî §�-
¤¥à¦ªã ¢ ®á−®¢−®© à�¡®ç¨© æ¨ª«. �ää¥ªâ¨¢−®áâì á®ªà�é¥−¨ï ¢à¥¬¥−−‚ëå §�âà�â
¢ íâ®¬ á«ãç�¥ ®ª�§ë¢�¥âáï −¥ ¡®«¥¥ 20%{30%.

ˆá¯®«ì§®¢�−¨¥ ¤¢ãå ¯�à�««¥«ì−® à�¡®â�îé¨å ã¬−®¦¨â¥«¥© ¢ 2 à�§� ã¢¥-
«¨ç¨¢�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì áå¥¬ë ¯à¨ ¤¢ãªà�â−®¬ ã¢¥«¨ç¥−¨¨ �¯¯�à�â−ëå
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§�âà�â. �¤−�ª® â�ª®¥ à¥è¥−¨¥ ¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−®, â�ª ª�ª ®¡¥á¯¥ç¨¢�¥â −�¨-
¬¥−ìè¥¥ í−¥à£®¯®âà¥¡«¥−¨¥ −� ®¤−ã ®¯¥à�æ¨î ¨§-§� ®âáãâáâ¢¨ï ¤®¯®«−¨â¥«ì−ëå
æ¥¯¥© ¨−¨æ¨�«¨§�æ¨¨.

2.2 Сокращение числа вычислительных этапов в работе умножителя

�â®â ¯®¤å®¤ ï¢«ï¥âáï −�¨¡®«¥¥ íää¥ªâ¨¢−ë¬ á â®çª¨ §à¥−¨ï ªà¨â¥à¨ï ¡ëáâ-
à®¤¥©áâ¢¨¥{í−¥à£®¯®âà¥¡«¥−¨¥, −® ®¤−®¢à¥¬¥−−® ¨ −�¨¡®«¥¥ á«®¦−ë¬ ¢ à¥�-
«¨§�æ¨¨. �− âà¥¡ã¥â ¡®«ìè®£® ®¡ê¥¬� ¨áá«¥¤®¢�−¨© à�§«¨ç−ëå �«£®à¨â¬®¢
ã¬−®¦¥−¨ï ¯à¨¬¥−¨â¥«ì−® ¨¬¥−−® ª ‘‘-à¥è¥−¨î á ¥£® ¤®¯®«−¨â¥«ì−ë¬¨ âà¥-
¡®¢�−¨ï¬¨. �®áª®«ìªã ¡«®ª ã¬−®¦¥−¨ï ¯à�ªâ¨ç¥áª¨ ï¢«ï¥âáï ®á−®¢−ë¬ ¡«®ª®¬
¢á¥å ¯à®æ¥áá®à®¢, ¥£® à�§à�¡®âª¥ ¡ë«® ã¤¥«¥−® á�¬®¥ á¥àì¥§−®¥ ¢−¨¬�−¨¥ á ¬®-
¬¥−â� á®§¤�−¨ï ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ ¨ ¯à¥¤«®¦¨âì çâ®-â® ¯à¨−æ¨¯¨�«ì−®
−®¢®¥ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬. ‚ ª�ç¥áâ¢¥ ¯à®â®â¨¯� ¡ë«® ¢ë¡à�−® �«-
£®à¨â¬¨ç¥áª®¥ à¥è¥−¨¥ ¡«®ª�, à¥�«¨§ãîé¥£® ¤¥à¥¢® “®««¥á� ¤«ï á¨−åà®−−ëå
áå¥¬, ¨§«®¦¥−−®¥ ¢ à�¡®â¥ [2]. �−® ¯®§¢®«¨«® á®§¤�âì á�¬ë© ¡ëáâàë© ¡«®ª
ã¬−®¦¥−¨ï ª −�ç�«ã â¥ªãé¥£® áâ®«¥â¨ï ¨ ®¯à¥¤¥«¨«® ®á−®¢−ë¥ �àå¨â¥ªâãà−ë¥
−�¯à�¢«¥−¨ï ¢ ¢ë¯ãáª�¥¬ëå ¯à®æ¥áá®à�å ¡®«ìè®© ¢ëç¨á«¨â¥«ì−®© ¬®é−®áâ¨
¢á¥¬¨ ¢¥¤ãé¨¬¨ ¬¨à®¢ë¬¨ ä¨à¬�¬¨. ‘ãâì ¯à¥¤«®¦¥−−®£® �¢â®à�¬¨ ¬¥â®¤�
§�ª«îç�¥âáï ¢ ¯à¨¬¥−¥−¨¨ ¨§¡ëâ®ç−®£® ª®¤¨à®¢�−¨ï ®¯¥à�−¤®¢ ¤¥à¥¢� “®««¥-
á�. Š�¦¤ë© ¤¢®¨ç−ë© à�§àï¤ ®¯¥à�−¤� ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¤¢ãå ¤¢®¨ç−ëå
à�§àï¤®¢ á®£«�á−® ¯à¨¢¥¤¥−−®© â�¡«¨æ¥.

’�ª�ï ¨§¡ëâ®ç−®áâì ¯®§¢®«ï¥â ®¯¨áë¢�âì áã¬¬ã ¤¢ãå ®¤−®¡¨â−ëå ç¨á¥«
¢ ¯àï¬®¬ ¨ ®¡à�â−®¬ ª®¤�å ®¤−¨¬ ª®¤®¢ë¬ ç¨á«®¬ ¨ ¯à®¨§¢®¤¨âì ®¯¥à�æ¨î
á«®¦¥−¨ï ¢ ®¤−®¬ ª®¤®¢®¬ à�§àï¤¥ á á®åà�−¥−¨¥¬ ¯¥à¥−®á�. �â� áå¥¬� á«®¦¥−¨ï
®¡¥á¯¥ç¨¢�¥â ª®íää¨æ¨¥−â á¦�â¨ï ¢ ¤¥à¥¢¥ “®««¥á� 2 : 1, à¥�«¨§ãï −�¨¡®«¥¥
¡ëáâà®¥ á«®¦¥−¨¥ ¯à�ªâ¨ç¥áª¨ ¡¥§ �¯¯�à�â−®© ¨§¡ëâ®ç−®áâ¨.

�®¯ëâª� ¨á¯®«ì§®¢�âì ¯�à�ä�§−®¥ ª®¤¨à®¢�−¨¥ ¤«ï ª�¦¤®£® ¨§ ¤¢®¨ç−ëå
à�§àï¤®¢ íâ®£® ¯à¥¤áâ�¢«¥−¨ï, ª�ª íâ® ®¡ëç−® ¤¥«�¥âáï ¯à¨ ¯¥à¥å®¤¥ ®â á¨−-
åà®−−ëå áå¥¬ ª ‘‘-à¥è¥−¨ï¬, ¯à¨¢®¤¨â ª §�¬¥â−®¬ã á−¨¦¥−¨î íää¥ªâ¨¢−®áâ¨
�«£®à¨â¬� ¨ ¡®«ìè®© �¯¯�à�â−®© ¨§¡ëâ®ç−®áâ¨.

�à¥¤«®¦¥−−�ï áå¥¬� ª®¤¨à®¢�−¨ï ®ç¥−ì ¯®å®¦� −� ¯�à�ä�§−®¥ ‘‘-ª®¤¨à®-
¢�−¨¥ ¤¢®¨ç−®£® à�§àï¤� ¨ ¢ë§ë¢�¥â ¦¥«�−¨¥ §�¤¥©áâ¢®¢�âì âà¥âì¥ −¥¨á¯®«ì§ã-
¥¬®¥ á®áâ®ï−¨¥ ¯�à�ä�§−®£® ª®¤� ¤«ï ®¯¨á�−¨ï ú−1û. �¤−�ª® íâ� ª�¦ãé�ïáï ¯®-

‘à�¢−¥−¨¥ ¬¥â®¤®¢ ª®¤¨à®¢�−¨ï

‘¨−åà®−−®¥ ¤¢®¨ç−®¥ ª®¤¨à®¢�−¨¥ ‘�¬®á¨−åà®−−®¥ âà®¨ç−®¥ ª®¤¨à®¢�−¨¥
Š®¤¨àã¥¬®¥ „¢®¨ç−ë© ª®¤ Š®¤¨àã¥¬®¥ ’à®¨ç−ë© ª®¤
á®áâ®ï−¨¥ A � á®áâ®ï−¨¥ Ap Am An
+1 1 0 +1 1 0 0

0 0 0 0 0 0 1
−1 0 1 −1 0 1 0

�¥ ¨á¯®«ì§ã¥âáï 1 1 ‘¯¥©á¥à 0 0 0
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÷¨á. 1 ‘å¥¬� ‘‘ à¥�«¨§�æ¨¨ ¤¥à¥¢� “®««¥á� ¤«ï 53-à�§àï¤−ëå ç¨á¥« ¤«ï âà®¨ç−®£®
ª®¤¨à®¢�−¨ï ¤¢®¨ç−ëå à�§àï¤®¢

å®¦¥áâì ¯à¨¢®¤¨â ª −¥á�¬®á¨−åà®−−®¬ã ª®¤ã ¯à¥¤áâ�¢«¥−¨ï ¤¢®¨ç−®£® à�§àï¤�.
‘®£«�á−® ä®à¬ã«¥ ¯®áâà®¥−¨ï ª®¤®¢ ¤¢ãåä�§−®© ‘‘-¤¨áæ¨¯«¨−ë ®¯¥à�æ¨© ¤«ï
®¯¨á�−¨ï âà¥å á®áâ®ï−¨© ¨ á¯¥©á¥à� ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬ë âà¨ ¡¨â� [4]. �®á«¥
¯à®¢¥¤¥−−®£® �−�«¨§� ¢®§¬®¦−ëå ‘‘-ª®¤®¢ �¢â®à�¬¨ ¡ë«� ¯à¥¤«®¦¥−� áå¥¬� ª®-
¤¨à®¢�−¨ï, ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«¨æ¥. ‚ë¡à�−−ë© ª®¤ ®ª�§�«áï ®ç¥−ì ã¤�ç−ë¬.

�®«ãç¥−−�ï ‘‘-à¥�«¨§�æ¨ï ¤¥à¥¢� “®««¥á� ¤«ï á«®¦¥−¨ï ®¯¥à�−¤®¢, ª®¤¨-
à®¢�−−ëå �«£®à¨â¬®¬ �ãâ�, ¤«ï 53-à�§àï¤−ëå ç¨á¥« ¯à¥¤áâ�¢«¥−� −� à¨á. 1.
‡¤¥áì ÷÷1{÷÷27 | ç�áâ¨ç−ë¥ ¯à®¨§¢¥¤¥−¨ï ¢ ¯�à�ä�§−®¬ ª®¤¥, CS | ª®à-
à¥ªâ¨àãîé¥¥ á«�£�¥¬®¥ ¢ ¯�à�ä�§−®¬ ª®¤¥, � ®áâ�«ì−ë¥ ¢−ãâà¥−−¨¥ ¨ ¢ëå®¤−ë¥
á¨£−�«ë ¯à¥¤áâ�¢«¥−ë ¢ ‘‘ âà®¨ç−®¬ ª®¤¥. ‡� áç¥â ‘‘ âà®¨ç−®£® ª®¤¨à®¢�−¨ï
¢−ãâà¥−−¨å á¨£−�«®¢, ¯à¥¤«®¦¥−−®© ¢ [13] ¬¥â®¤¨ª¨ ¯à¥®¡à�§®¢�−¨ï ª�¦¤®-
£® ¢â®à®£® ç�áâ¨ç−®£® ¯à®¨§¢¥¤¥−¨ï ¨ ãç¥â� ¤®¯®«−¨â¥«ì−®£® ª®àà¥ªâ¨àãîé¥£®
ç�áâ¨ç−®£® ¯à®¨§¢¥¤¥−¨ï CS ¯¥à¢ë© ª�áª�¤ ¤¥à¥¢� “®««¥á� ®¡¥á¯¥ç¨¢�¥â á¦�â¨¥
¢å®¤−ëå ®¯¥à�−¤®¢ á 27 ç�áâ¨ç−ëå ¯à®¨§¢¥¤¥−¨© ¤® 7 âà®¨ç−ëå á¨£−�«®¢.

„«ï áà�¢−¥−¨ï −� à¨á. 2 ¯®ª�§�−� á®®â¢¥âáâ¢ãîé�ï ‘‘-à¥�«¨§�æ¨ï ¤¥à¥¢�
“®««¥á� ¢ ¯�à�ä�§−®¬ ª®¤¥. ‡¤¥áì CI1{CI24 | ¢å®¤−ë¥ ¯¥à¥−®áë ¨§ ¯à¥¤ë¤ã-
é¥£® à�§àï¤� ¤¥à¥¢�, ‘�1{‘�24 | ¢ëå®¤−ë¥ ¯¥à¥−®áë ¢ á«¥¤ãîé¨© à�§àï¤.
‚á¥ á¨£−�«ë ¯�à�ä�§−ë¥. ’à®¨ç−�ï ‘‘-à¥�«¨§�æ¨ï ®¡¥á¯¥ç¨¢�¥â á®ªà�é¥−¨¥
¢à¥¬¥−−‚ëå §�âà�â ¯® áà�¢−¥−¨î á ª«�áá¨ç¥áª¨¬ ‘‘ �«£®à¨â¬®¬ ¡®«¥¥ ç¥¬ −�
20%. „®¯®«−¨â¥«ì−®¥ á−¨¦¥−¨¥ �¯¯�à�â−ëå §�âà�â â�ª¦¥ á®áâ�¢¨«® ®ª®«® 20%,
� ç¨á«® íâ�¯®¢ á¦�â¨ï á−¨§¨«®áì á 7 ¤® 4.

3 Проблемы индикации SIFMA

Š®àà¥ªâ−�ï à�¡®â� «î¡®© SI-áå¥¬ë ®¡¥á¯¥ç¨¢�¥âáï ¨−¤¨æ¨à®¢�−¨¥¬ ®ª®−ç�-
−¨ï ¢á¥å ¯¥à¥ª«îç¥−¨© áå¥¬ë. ‘å¥¬ë, ¢ ª®â®àëå ¨−¤¨æ¨àãîâáï ¢ëå®¤ë ¢á¥å
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¡¥§ ¨áª«îç¥−¨ï í«¥¬¥−â®¢ ¢ ®¡¥¨å ä�§�å à�¡®âë (á¯¥©á¥à−®© ¨ à�¡®ç¥©), −�§ë-
¢�îâáï ¯®«ã¬®¤ã«ïà−ë¬¨ [17]. �¤−�ª® ¨−¤¨ª�â®à−�ï ¯®¤áå¥¬�, ª�ª ¯à�¢¨«®,
áãé¥áâ¢¥−−® §�¬¥¤«ï¥â à�¡®âã ¯®«ã¬®¤ã«ïà−®© ¬−®£®à�§àï¤−®© áå¥¬ë. ú“§ª¨¬
£®à«®¬û ¬−®£®à�§àï¤−ëå ‘‘-ãáâà®©áâ¢ ï¢«ï¥âáï ®¡é¨© ¨−¤¨ª�â®à ãáâà®©áâ¢�,
®¡ê¥¤¨−ïîé¨© ¢á¥ ¯®à�§àï¤−ë¥ ¨−¤¨ª�â®à−ë¥ á¨£−�«ë ¢ ®¤¨− ®¡é¨© ¨−¤¨ª�-
â®à−ë© á¨£−�«.

�á®¡¥−−®áâìî ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ª à¥�«¨§�æ¨¨ SIFMA ï¢«ïîâáï á«¥¤ã-
îé¨¥ ¯à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¨−¤¨ª�æ¨¨:

{ −¥®¡å®¤¨¬�ï ¨ ¤®áâ�â®ç−�ï, −® ã¯à®é¥−−�ï ¨−¤¨ª�æ¨ï à�¡®ç¥© ä�§ë ª�¦¤®©
áâã¯¥−¨ ª®−¢¥©¥à�;

{ ¨á¯®«ì§®¢�−¨¥ á¯¥ªã«ïâ¨¢−®© ¨−¤¨ª�æ¨¨ ¤«ï ãáª®à¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï áâã-
¯¥−¥© ª®−¢¥©¥à�.

‘ ãç¥â®¬ â®£®, çâ® à¥§ã«ìâ�â ®¡à�¡®âª¨ ¤�−−ëå ª®¬¡¨−�æ¨®−−®© áå¥¬®©
(Š‘) ¢ ª�¦¤®© áâã¯¥−¨ ª®−¢¥©¥à� á®åà�−ï¥âáï ¢ ¢ëå®¤−®¬ à¥£¨áâà¥ áâã¯¥−¨
¨ â�¬ ¨−¤¨æ¨àã¥âáï ¢ ®¡¥¨å ä�§�å à�¡®âë, −¥â −¥®¡å®¤¨¬®áâ¨ ¨−¤¨æ¨à®¢�âì Š‘
¢ à�¡®ç¥© ä�§¥. ˆá¯®«ì§ã¥¬®¥ ¯�à�ä�§−®¥ ¨ á¯¥æ¨�«ì−®¥ âà®¨ç−®¥ ‘‘-ª®¤¨à®-
¢�−¨¥ ¤�−−ëå −� ¢á¥å íâ�¯�å ®¡à�¡®âª¨ £�à�−â¨àã¥â ®¤−®ªà�â−®¥ ¯¥à¥ª«îç¥−¨¥
¢ëå®¤®¢ Š‘ ¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥ á®áâ®ï−¨¥ ¯à¨ ¯¥à¥ª«îç¥−¨¨ ¢á¥© áâã¯¥−¨
ª®−¢¥©¥à� ¨§ á¯¥©á¥à� ¢ à�¡®çãî ä�§ã. �®íâ®¬ã ¯®ï¢«¥−¨¥ à�¡®ç¥£® á®áâ®ï−¨ï
¯®á«¥ á¯¥©á¥à� −� ¨−ä®à¬�æ¨®−−ëå ¢å®¤�å ¢á¥å à�§àï¤®¢ ¢ëå®¤−®£® à¥£¨áâà�
áâã¯¥−¨ £�à�−â¨àã¥â £®â®¢−®áâì à¥§ã«ìâ�â�.

��¯à®â¨¢, ¯à¨ ¯¥à¥ª«îç¥−¨¨ Š‘ ¢ á¯¥©á¥à ¨−¤¨æ¨àãîâáï ¢á¥ í«¥¬¥−âë, â�ª
ª�ª ¯¥à¥¤ ¯¥à¥å®¤®¬ ¢ á«¥¤ãîé¥¥ à�¡®ç¥¥ á®áâ®ï−¨¥ ¤®«¦−� ¡ëâì ã¢¥à¥−−®áâì
¢ â®¬, çâ® ¢á¥ í«¥¬¥−âë áå¥¬ë ¯¥à¥ª«îç¨«¨áì ¢ á¯¥©á¥à. ‚ ¯à®â¨¢−®¬ á«ã-
ç�¥ ¢®§¬®¦−ë ú£®−ª¨û ¨ −¥®¤−®ªà�â−ë¥ áà�¡�âë¢�−¨ï ¢ëå®¤®¢ í«¥¬¥−â®¢, çâ®
ï¢«ï¥âáï −�àãè¥−¨¥¬ ¯à¨−æ¨¯®¢ ‘‘-à¥�«¨§�æ¨¨.

�®áª®«ìªã Š‘ ¢ ª�¦¤®© áâã¯¥−¨ ª®−¢¥©¥à� SIFMA ï¢«ï¥âáï á«®¦−ë¬
äã−ªæ¨®−�«ì−ë¬ ¬−®£®à�§àï¤−ë¬ ãáâà®©áâ¢®¬, â�ª�ï ã¯à®é¥−−�ï ¨−¤¨ª�æ¨ï
áãé¥áâ¢¥−−® á®ªà�é�¥â �¯¯�à�âãà−ë¥ §�âà�âë ¨ ãáª®àï¥â ä®à¬¨à®¢�−¨¥ ¨−¤¨-
ª�â®à−ëå á¨£−�«®¢, ãç�áâ¢ãîé¨å ¢ §�¯à®á-®â¢¥â−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ áâã¯¥−¥©
ª®−¢¥©¥à�.

‘¯¥ªã«ïâ¨¢−ë© ¨−¤¨ª�â®à ®âá«¥¦¨¢�¥â ®ª®−ç�−¨¥ ¯¥à¥ª«îç¥−¨ï â®«ìª® í«¥-
¬¥−â®¢, áâ®ïé¨å −� ªà¨â¨ç¥áª®¬ ¯ãâ¨ ®¡à�¡®âª¨ ¤�−−ëå áâã¯¥−ìî ª®−¢¥©¥à�.
”�ªâ¨ç¥áª¨ íâ® ¨−¤¨ª�â®à ®¤−®£® à�§àï¤� âà�ªâ� ®¡à�¡®âª¨ ¬−®£®à�§àï¤−ëå
¤�−−ëå. ‚ ¬−®£®à�§àï¤−®© áå¥¬¥ ®− ä®à¬¨àã¥âáï á £®à�§¤® ¬¥−ìè¥© §�¤¥à¦-
ª®©, ç¥¬ ®¡é¨© ¨−¤¨ª�â®à. �®áª®«ìªã ¢§�¨¬®¤¥©áâ¢¨¥ áâã¯¥−¥© ª®−¢¥©¥à�
SI-áå¥¬ë ®á−®¢�−® −� ¤¢ãåä�§−®© ¤¨áæ¨¯«¨−¥ à�¡®âë [17], á¯¥ªã«ïâ¨¢−ë© ¨−-
¤¨ª�â®à â¥ªãé¥© áâã¯¥−¨ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ á¨£−�«� à�§à¥è¥−¨ï
¯¥à¥ª«îç¥−¨ï ¢ ¯à®â¨¢®¯®«®¦−ãî ä�§ã à�¡®âë ¯à¥¤è¥áâ¢ãîé¥© áâã¯¥−¨. �â®
¯®§¢®«ï¥â ¯à¥¤ë¤ãé¥© áâã¯¥−¨ −�ç�âì ¯¥à¥ª«îç¥−¨¥ ¢ ®ç¥à¥¤−ãî ä�§ã, −¥ ¤®¦¨-
¤�ïáì ¯®¤â¢¥à¦¤¥−¨ï ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ¢á¥å à�§àï¤®¢ â¥ªãé¥© áâã¯¥−¨,
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çâ® áãé¥áâ¢¥−−® (−� 30%{50% ¢ §�¢¨á¨¬®áâ¨ ®â á«®¦−®áâ¨ áå¥¬ë ¨ à�§àï¤−®áâ¨
¤�−−ëå) ãáª®àï¥â à�¡®âã ª®−¢¥©¥à�.

‹®£¨ç¥áª¨¬ ®¡®á−®¢�−¨¥¬ â�ª®£® ¯®¤å®¤� ª ¨−¤¨ª�æ¨¨ ¬−®£®à�§àï¤−ëå SI-
áå¥¬ á«ã¦¨â á«¥¤ãîé¥¥. ‘¯¥ªã«ïâ¨¢−ë© ¨−¤¨ª�â®à ª®−âà®«¨àã¥â ®¤¨− ¨§
�−�«®£¨ç−ëå à�§àï¤®¢ âà�ªâ� ®¡à�¡®âª¨ ¤�−−ëå, ¢ â®¬ ç¨á«¥ à�§àï¤ ¢ëå®¤−®£®
à¥£¨áâà�. �à¨ ¯à�¢¨«ì−®¬ ¢ë¡®à¥ á®®â¢¥âáâ¢ãîé¥£® à�§àï¤� ¢ ¯®¤�¢«ïîé¥¬
¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ®− ¡ã¤¥â ¯¥à¥ª«îç�âìáï −¥ à�−ìè¥ (� ¥á«¨ ¨ à�−ìè¥, â®
−¥ −�¬−®£®) ®áâ�«ì−ëå à�§àï¤®¢ áå¥¬ë. �®íâ®¬ã á¯¥ªã«ïâ¨¢−ë© ¨−¤¨ª�â®à
ª�ª ¡ë ®âà�¦�¥â à�¡®âã ¢á¥å à�§àï¤®¢ áâã¯¥−¨. �¡é¨© ¨−¤¨ª�â®à ®ª�§ë¢�¥âáï
¡®«¥¥ §�¤¥à¦�−−ë¬ ¨§-§� â®£®, çâ® ®− úá®¡¨à�¥âû ¨−¤¨ª�â®à−ë¥ á¨£−�«ë á® ¢á¥å
à�§àï¤®¢ áå¥¬ë á ¯®¬®éìî ú¤¥à¥¢�û ¨−¤¨ª�â®à−ëå í«¥¬¥−â®¢. —¥¬ ¡®«ìè¥
à�§àï¤®¢ ¢ áå¥¬¥, â¥¬ ¡®«¥¥ §�¤¥à¦�−−ë¬ ®ª�¦¥âáï ®¡é¨© ¨−¤¨ª�â®à−ë© á¨£−�«
¢ áà�¢−¥−¨¨ á® á¯¥ªã«ïâ¨¢−ë¬ ¨−¤¨ª�â®à®¬.

‘â®¯à®æ¥−â−�ï á�¬®¯à®¢¥àï¥¬®áâì ª®−¢¥©¥à� SIFMA ®¡¥á¯¥ç¨¢�¥âáï ¨á¯®«ì-
§®¢�−¨¥¬ ¯®«−®£® ¨−¤¨ª�â®à−®£® ¢ëå®¤� ª�¦¤®© áâã¯¥−¨ ¢ ª�ç¥áâ¢¥ ¤®¯®«−¨-
â¥«ì−®£® à�§à¥è¥−¨ï ¯¥à¥ª«îç¥−¨ï íâ®© áâã¯¥−¨ ª®−¢¥©¥à� ¢ ¯à®â¨¢®¯®«®¦−ãî
ä�§ã à�¡®âë. ’�ª�ï áå¥¬� ¯®-¯à¥¦−¥¬ã ¨−¤¨æ¨àã¥â ª®−áâ�−â−ë¥ −¥¨á¯à�¢−®áâ¨
¢ ¯®«−®¬ ®¡ê¥¬¥, å®âï ã¦¥ ¨ −¥ ®¡¥á¯¥ç¨¢�¥â ¡¥á¯¥à¥¡®©−®© à�¡®âë ¯à¨ «î¡ëå
§�¤¥à¦ª�å í«¥¬¥−â®¢. ‘ ¯à�ªâ¨ç¥áª®© â®çª¨ §à¥−¨ï ®−� ®¡«�¤�¥â ¢á¥¬¨ ¯à¥-
¨¬ãé¥áâ¢�¬¨ ‘‘-áå¥¬ ¯¥à¥¤ á¨−åà®−−ë¬¨ �−�«®£�¬¨. ‘ â®çª¨ §à¥−¨ï ¯®«−®âë
¨−¤¨ª�æ¨¨ à�áá¬�âà¨¢�¥¬ë© SIFMA −¥ ï¢«ï¥âáï ¯®«ã¬®¤ã«ïà−ë¬, −® ¯à¨ ¯à�-
¢¨«ì−®¬ ¢ë¡®à¥ ¨áâ®ç−¨ª� á¯¥ªã«ïâ¨¢−®£® ¨−¤¨ª�â®à� ¡ã¤¥â à�¡®â®á¯®á®¡−ë¬
¢ è¨à®ª®¬ ¤¨�¯�§®−¥ ãá«®¢¨© íªá¯«ã�â�æ¨¨ (−�¯àï¦¥−¨ï ¯¨â�−¨ï, â¥¬¯¥à�âã-
àë), â¥å−®«®£¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨å ¯�à�¬¥âà®¢ ª®¬¯®−¥−â®¢ ¨ ®¡ï§�â¥«ì−®
®áâ�−®¢¨âáï ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ª®−áâ�−â−®© −¥¨á¯à�¢−®áâ¨.

4 Структурная схема SIFMA

Š�ª ®á−®¢� ¤«ï à¥�«¨§�æ¨¨ áã¯¥à-�‚Œ ¡«®ª SIFMA ¤®«¦¥− ®¡«�¤�âì ¤®-
áâ�â®ç−ë¬ ¡ëáâà®¤¥©áâ¢¨¥¬. ‚ á¨−åà®−−ëå áå¥¬�å ¯à®¡«¥¬� ¡ëáâà®¤¥©áâ¢¨ï
á«®¦−®£® ¢ëç¨á«¨â¥«ì−®£® âà�ªâ� −�¨¡®«¥¥ íää¥ªâ¨¢−® à¥è�¥âáï á ¯®¬®éìî
ª®−¢¥©¥à¨§�æ¨¨ ¢ëç¨á«¥−¨©. �à¨ íâ®¬ à�§àï¤−®áâì áå¥¬ë, ¥á«¨ ®−� ¤®áâ�â®ç−®
à¥£ã«ïà−�ï, −¥ ¨£à�¥â à®«¨.

‚ �‡�-áå¥¬�å ª®−¢¥©¥à¨§�æ¨ï â�ª¦¥ ¨á¯®«ì§ã¥âáï. �® §¤¥áì ã¦¥ ç¨á«®
à�§àï¤®¢ ¢ áå¥¬¥ −�¯àï¬ãî ¢«¨ï¥â −� ¥¥ ¡ëáâà®¤¥©áâ¢¨¥, â�ª ª�ª ¯à¨¢®¤¨â
ª ãá«®¦−¥−¨î ¨ §�¬¥¤«¥−¨î ¯®¤áå¥¬ë ¨−¤¨ª�æ¨¨. Šà®¬¥ â®£®, ª®−¢¥©¥à¨§�-
æ¨ï ã¬−®¦¨â¥«ï âà¥¡ã¥â ¨á¯®«ì§®¢�−¨ï à¥£¨áâà®¢ ¤«ï åà�−¥−¨ï ¯à®¬¥¦ãâ®ç−ëå
à¥§ã«ìâ�â®¢, à�§àï¤−®áâì ª®â®àëå −�¬−®£® ¯à¥¢ëè�¥â à�§àï¤−®áâì ¢å®¤−ëå
®¯¥à�−¤®¢. �â® ¤®¯®«−¨â¥«ì−® ãá«®¦−ï¥â ª�ª á�¬ã áå¥¬ã, â�ª ¨ ¨−¤¨ª�â®à−ãî
¯®¤áå¥¬ã ¨ ®¡¥á¯¥ç¨¢�¥â «¨èì −¥¡®«ìè®¥ ã¢¥«¨ç¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï. „àã£¨¬¨
á«®¢�¬¨, ¯®¢ëè¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï á�¬®© á«®¦−®© ç�áâ¨ SIFMA | ã¬−®¦¨â¥-
«ï | á ¯®¬®éìî ¥£® ª®−¢¥©¥à¨§�æ¨¨ ®ª�§ë¢�¥âáï ú−¥à¥−â�¡¥«ì−ë¬û. �®íâ®¬ã
¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ¤«ï ã¢¥«¨ç¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï SIFMA ¨á¯®«ì§®¢�âì
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÷¨á. 3 “¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: (�) áâàãªâãà−�ï áå¥¬�; (¡) ¨−â¥àä¥©á á ®ªàã¦¥−¨¥¬;
(¢) ¯à®¡«¥¬� ¢å®¤−®£® ¨−â¥àä¥©á�; (£) ¯à®¡«¥¬ë ¢ëå®¤−®£® ¨−â¥àä¥©á�

¤¢� ¡«®ª� ã¬−®¦¨â¥«ï, à�¡®â�îé¨å ¯�à�««¥«ì−®, ª�ª ¯®ª�§�−® −� áâàãªâãà−®©
áå¥¬¥ (à¨á. 3, �). ‡¤¥áì ¢å®¤−ë¥ ®¯¥à�−¤ë | 64-à�§àï¤−ë¥ ®¡à�¡�âë¢�¥¬ë¥
ç¨á«� X, Y ¨ Z ¨ 6-à�§àï¤−ë¥ ¯à¨§−�ª¨ ®¯¥à�æ¨¨ R (â¨¯ ®ªàã£«¥−¨ï, â®ç−®áâì
¨ å�à�ªâ¥à ®¯¥à�æ¨¨). ’¨¯ ®ªàã£«¥−¨ï | ¤¢ãåà�§àï¤−ë© ¯à¨§−�ª, ®¯à¥¤¥«ï-
îé¨© á¯®á®¡ ®ªàã£«¥−¨ï à¥§ã«ìâ�â� ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ áâ�−¤�àâ�
IEEE 754. •�à�ªâ¥à ®¯¥à�æ¨¨ | ¤¢ãåà�§àï¤−ë© ¯à¨§−�ª, §�¤�îé¨© ª®«¨ç¥áâ¢®
¨ â¨¯ ®¯¥à�æ¨©, ¢ë¯®«−ï¥¬ëå −�¤ ®¯¥à�−¤�¬¨. ˆá¯®«ì§®¢�−¨¥ ¯à¨§−�ª� å�à�ª-
â¥à� ®¯¥à�æ¨¨ ¯®§¢®«ï¥â ¬¨−¨¬¨§¨à®¢�âì í−¥à£®¯®âà¥¡«¥−¨¥ SIFMA ¢ á«ãç�ïå,
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ª®£¤� âà¥¡ã¥âáï ¢ë¯®«−¥−¨¥ â®«ìª® ®¤−®© ®¯¥à�æ¨¨ (á«®¦¥−¨ï ¨«¨ ¢ëç¨â�−¨ï)
−�¤ ¯à®¨§¢¥¤¥−¨¥¬ ¨ âà¥âì¨¬ ®¯¥à�−¤®¬.

�â¬¥â¨¬, çâ® ¯�à�««¥«ì−® ¢ëç¨á«ïîâáï â®«ìª® ¯à®¨§¢¥¤¥−¨ï ®¯¥à�−¤®¢ X
¨ Y ¨§ ¤¢ãå ¯®á«¥¤®¢�â¥«ì−ëå âà®¥ª ®¯¥à�−¤®¢, ¯®áâã¯�îé¨å −� ¢å®¤ SIFMA.

„�«ì−¥©è¨¥ ¢ëç¨á«¥−¨ï ¢ë¯®«−ïîâáï ¯®®ç¥à¥¤−® ¤«ï ª�¦¤®© âà®©ª¨ ¢å®¤-
−ëå ®¯¥à�−¤®¢ ¢ ®¤−®¬ ®¡é¥¬ âà�ªâ¥ ®¡à�¡®âª¨ ¤�−−ëå. ’�ª®¥ à¥è¥−¨¥ ®¡¥á¯¥-
ç¨¢�¥â −�¨«ãçè¥¥ á®®â−®è¥−¨¥ ú¡ëáâà®¤¥©áâ¢¨¥ / �¯¯�à�âãà−ë¥ §�âà�âëû ¯à¨
à¥�«¨§�æ¨¨ SIFMA.

‚à¥¬ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ ¡«®ª®¬ SIFMA, ª�ª ¨ «î¡ë¬ �‡�-ãáâà®©áâ-
¢®¬, §�¢¨á¨â ®â ¬−®£¨å ä�ªâ®à®¢: ãá«®¢¨© íªá¯«ã�â�æ¨¨ (−�¯àï¦¥−¨ï ¯¨â�−¨ï,
â¥¬¯¥à�âãàë ®ªàã¦�îé¥© áà¥¤ë), â¨¯� ®¯¥à�æ¨¨, ¢¨¤� ®¯¥à�−¤®¢. ”ã−ªæ¨-
®−�«ì−ë¥ ¡«®ª¨ SIFMA à�¡®â�îâ ¯®¤ ã¯à�¢«¥−¨¥¬ á¨£−�«®¢ §�¯à®á-®â¢¥â−®£®
¢§�¨¬®¤¥©áâ¢¨ï ¨ −¥ âà¥¡ãîâ á¨£−�«®¢ á¨−åà®−¨§�æ¨¨.

�¤−�ª® ¯à¨ à�¡®â¥ á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì
¯à¨¥¬� ¢å®¤−ëå ®¯¥à�−¤®¢ ¯® äà®−âã á¨£−�«� á¨áâ¥¬−®© ç�áâ®âë. ‚ íâ®¬ á«ãç�¥
®âáãâáâ¢¨¥ ¯®â¥àì −� ¯à¨¥¬¥ ®¡¥á¯¥ç¨¢�¥âáï ¤¢ã¬ï á¯®á®¡�¬¨:

(1) ¯®¤¡®à®¬ á¨áâ¥¬−®© ç�áâ®âë ¨áå®¤ï ¨§ −�¨åã¤è¥£® á«ãç�ï, ¯à¨ ª®â®à®©
SIFMA §�¢¥¤®¬® ãá¯¥¥â ®¡à�¡®â�âì «î¡ãî âà®©ªã ®¯¥à�−¤®¢ ¯à¨ «î¡ëå
¯à¥¤ãá¬®âà¥−−ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨,

(2) ¨á¯®«ì§®¢�−¨¥¬ ãáâà®©áâ¢ á®¯àï¦¥−¨ï á¨−åà®−−ëå ¨ �á¨−åà®−−ëå
ãáâà®©áâ¢, ¯à¥¤®â¢à�é�îé¨å ¯®â¥àî ®¯¥à�−¤®¢ §� áç¥â ¯à¨®áâ�−®¢ª¨ ú−�-
ª�çª¨û ¤�−−ëå á® áâ®à®−ë á¨−åà®−−®£® ®ªàã¦¥−¨ï.

‚â®à®© á¯®á®¡ ï¢«ï¥âáï ¡®«¥¥ íää¥ªâ¨¢−ë¬ ¨ ¡ëáâà®¤¥©áâ¢ãîé¨¬, ¯®-
áª®«ìªã ¢ ¥£® à�¬ª�å «¥£ª® à¥�«¨§®¢�âì ¡ãä¥à¨§�æ¨î ¤�−−ëå −� ¢å®¤¥/¢ëå®¤¥
SIFMA.

„«ï ®¡¥á¯¥ç¥−¨ï ¬�ªá¨¬�«ì−®£® ¡ëáâà®¤¥©áâ¢¨ï SIFMA ¯à¨ à�¡®â¥ á á¨−-
åà®−−ë¬ ®ªàã¦¥−¨¥¬ áå¥¬ã −� à¨á. 3, � ¯à¥¤«�£�¥âáï ¤®¯®«−¨âì ¢å®¤−ë¬
¨ ¢ëå®¤−ë¬ �‡�-FIFO (first in, first out), ª�ª ¯®ª�§�−® −� à¨á. 3, ¡. ‘�-
¬®á¨−åà®−−ë© FIFO −�ª�¯«¨¢�¥â ¯®áâã¯�îé¨¥ âà®©ª¨ ®¯¥à�−¤®¢ ¨ ¯à¨§−�ª¨
®¯¥à�æ¨¨, ®¡¥á¯¥ç¨¢�ï ä®à¬¨à®¢�−¨¥ ¯à¥¤ã¯à¥¦¤¥−¨ï ® §�¯®«−¥−¨¨ FIFO. ‘¨£-
−�« ¯à¥¤ã¯à¥¦¤¥−¨ï Stop ãáâ�−�¢«¨¢�¥âáï (Stop = 1) ¢ â®¬ á«ãç�¥, ¥á«¨ §�−ïâ�
¢å®¤−�ï ïç¥©ª� FIFO. �â® ¯à®¨áå®¤¨â ¯à¨ ¯à¨¥¬¥ ª�¦¤®© âà®©ª¨ ®¯¥à�−¤®¢, ª�ª
¯®ª�§�−® −� à¨á. 3, ¢, £¤¥ Clock | á¨£−�« £«®¡�«ì−®© á¨−åà®−¨§�æ¨¨, � Clk |
â�ªâ®¢ë© ¢å®¤ ãáâà®©áâ¢� SIFMA. ‘ ¯à®¤¢¨¦¥−¨¥¬ ®¯¥à�−¤®¢ ¢£«ã¡ì FIFO ¯®
¬¥à¥ ®¡à�¡®âª¨ ¯à¥¤ë¤ãé¨å ®¯¥à�−¤®¢ ¢å®¤−�ï ïç¥©ª� ®á¢®¡®¦¤�¥âáï ¨ á¨£-
−�« Stop á−¨¬�¥âáï (Stop = 0). �â® ¤�¥â á¨−åà®−−®¬ã ®ªàã¦¥−¨î ¢®§¬®¦−®áâì
¢®¢à¥¬ï ¯à¨®áâ�−®¢¨âì ¯®¤�çã ¤�−−ëå −� ¢å®¤ SIFMA.

�� à¨á. 3, ¢ ¢ ¬®¬¥−âë ¢à¥¬¥−¨ ’1 ¨ ’3 SIFMA ®ª�§ë¢�¥âáï £®â®¢ë¬ ª ¯à¨¥¬ã
®ç¥à¥¤−ëå ¤�−−ëå ¨ â�ªâ®¢ë© á¨£−�« Clk ä®à¬¨àã¥âáï, � ¢ ¬®¬¥−â ¢à¥¬¥−¨ ’2
á−ïâ¨¥ á¨£−�«� Stop ®¯�§¤ë¢�¥â ¯® ®â−®è¥−¨î ª �ªâ¨¢−®¬ã äà®−âã â�ªâ®¢®£®
á¨£−�«� Clock ¨ §�áâ�¢«ï¥â á¨−åà®−−®¥ ®ªàã¦¥−¨¥ ¯à¨®áâ�−®¢¨âì §�¯¨áì ¤�−−ëå
¢ SIFMA.
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�®á«¥¤ãîé¨¥ ¡«®ª¨ SIFMA ¯®á«¥¤®¢�â¥«ì−® ®¡à�¡�âë¢�îâ ¯®áâã¯�îé¨¥
¤�−−ë¥ ¢ ‘‘-à¥¦¨¬¥: ¯® ¬¥à¥ £®â®¢−®áâ¨ ¤�−−ë¥ ¯¥à¥¤�îâáï ¨§ â¥ªãé¥£®
¡«®ª� ¢ á«¥¤ãîé¨©, � â¥ªãé¨© ¡«®ª ¯¥à¥å®¤¨â ¢ à¥¦¨¬ ®¦¨¤�−¨ï ¤�−−ëå ¨§
¯à¥¤ë¤ãé¥£® ¡«®ª�.

�«®ª FIFO −� ¢ëå®¤¥ SIFMA â�ª¦¥ ¯à¥¤®â¢à�é�¥â ¯®â¥àî ¯à®¨§¢®¤¨â¥«ì-
−®áâ¨ SIFMA, ª®£¤� ¢à¥¬ï ä®à¬¨à®¢�−¨ï ®ç¥à¥¤−®£® à¥§ã«ìâ�â� ¯à¥¢ëá¨â ¯¥à¨-
®¤ á¨áâ¥¬−®© ç�áâ®âë, ¨§-§� ç¥£® ®¤¨− ¨§ æ¨ª«®¢ çâ¥−¨ï à¥§ã«ìâ�â� á¨−åà®−−ë¬
®ªàã¦¥−¨¥¬ ¬®¦¥â ¡ëâì ¯à®¯ãé¥−, ª�ª ¯®ª�§�−® −� à¨á. 3, £.

‘¨£−�« Ready ¨−¤¨æ¨àã¥â £®â®¢−®áâì à¥§ã«ìâ�â� −� ¢ëå®¤¥ SIFMA. ‘¨−-
åà®−−®¥ ®ªàã¦¥−¨¥ ä¨ªá¨àã¥â ¥£® ¯® �ªâ¨¢−®¬ã äà®−âã â�ªâ®¢®£® á¨£−�«� Clock
¨ á¨£−�«®¬ Ack = 1 ¯®¤â¢¥à¦¤�¥â ¯à¨¥¬ ¤�−−ëå. ‚ ¬®¬¥−âë ¢à¥¬¥−¨ ’1 ¨ ’3
à¥§ã«ìâ�â ®ª�§ë¢�¥âáï £®â®¢ë¬ ¯¥à¥¤ ¯®ï¢«¥−¨¥¬ ®ç¥à¥¤−®£® �ªâ¨¢−®£® äà®−â�
Clock, � ¢ ¬®¬¥−â ¢à¥¬¥−¨ ’2 ®¯�§¤ë¢�¥â ¯® ®â−®è¥−¨î ª �ªâ¨¢−®¬ã äà®−âã
â�ªâ®¢®£® á¨£−�«�. ˆ§-§� íâ®£® ¢®§−¨ª�¥â úå®«®áâ®©û â�ªâ: à¥§ã«ìâ�â ¢ë¯®«-
−¥−¨ï ®ç¥à¥¤−®© ®¯¥à�æ¨¨ á ¢ëå®¤� SIFMA áç¨âë¢�¥âáï á ®¯®§¤�−¨¥¬ −� ®¤¨−
â�ªâ.

ˆá¯®«ì§®¢�−¨¥ ¢å®¤−®£® ¨ ¢ëå®¤−®£® �‡�-FIFO ¯®§¢®«ï¥â à¥è¨âì ¯à®¡«¥-
¬ë ¬�ªá¨¬�«ì−® ¡ëáâà®© ú−�ª�çª¨û SIFMA ¢å®¤−ë¬¨ ®¯¥à�−¤�¬¨ ¨ ¢ ¯®«−®©
¬¥à¥ ¨á¯®«ì§®¢�âì á¯®á®¡−®áâì SIFMA ¢ë¯®«−ïâì ®¯¥à�æ¨î ã¬−®¦¥−¨ï-á«®¦¥-
−¨ï §� à�§−®¥ ¢à¥¬ï ¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� ®¯¥à�æ¨¨, ¢¨¤� ®¯¥à�−¤®¢ ¨ ãá«®¢¨©
íªá¯«ã�â�æ¨¨.

‚ á®®â¢¥âáâ¢¨¨ á ®¯¨á�−−ë¬¨ ¯à¨−æ¨¯�¬¨ ¡ë«¨ à�§à�¡®â�−ë ¤¢� ¢�à¨�−â�
SIFMA [18] | ¤«ï á¨−åà®−−®£® ¨ �á¨−åà®−−®£® ®ªàã¦¥−¨ï. �−¨ ¯®¤â¢¥à¤¨«¨
âà¥¡ã¥¬ë© ãà®¢¥−ì ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ í−¥à£®¯®âà¥¡«¥−¨ï.

ˆ§«®¦¥−−ë¥ à¥§ã«ìâ�âë ¯®«ãç¥−ë ¤«ï ¢¥àá¨¨ ª®¤¨à®¢�−¨ï �«£®à¨â¬� �ãâ�
Radix2, á−¨¦�îé¥© ¢¤¢®¥ ª®«¨ç¥áâ¢® áã¬¬¨àã¥¬ëå ®¯¥à�−¤®¢ ¢ ¤¥à¥¢¥ “®«-
«¥á�. ˆáá«¥¤®¢�−¨ï ¤àã£¨å ¢�à¨�−â®¢ �«£®à¨â¬� �ãâ� ¤«ï Radiå3 ¨ Radix4
¢ á¨−åà®−−®¬ ¨á¯®«−¥−¨¨ [19] ãª�§ë¢�îâ −� ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ¤®¯®«−¨-
â¥«ì−®£® ¢ë¨£àëè� ¢ ¡ëáâà®¤¥©áâ¢¨¨ ¨ �¯¯�à�â−ëå §�âà�â�å ¤® 10%. �¤−�ª® íâ¨
�«£®à¨â¬ë âà¥¡ãîâ ¯à¥¤¢�à¨â¥«ì−®© ¯®¤£®â®¢ª¨ ®¯¥à�−¤®¢, à�¢−ëå âà¥¬ §−�ç¥-
−¨ï¬ ¬−®¦¨¬®£®, â. ¥. âà¥¡ãîâ ¨§−�ç�«ì−® ¤®¯®«−¨â¥«ì−®© ®¯¥à�æ¨¨ á«®¦¥−¨ï.
‚®¯à®á æ¥«¥á®®¡à�§−®áâ¨ ¨á¯®«ì§®¢�−¨ï â�ª¨å �«£®à¨â¬®¢ ¢ ‘‘-áå¥¬�å âà¥¡ã¥â
¤®¯®«−¨â¥«ì−ëå ¨áá«¥¤®¢�−¨©.

5 Заключение

‚ áã¯¥à-�‚Œ íªá�ä«®¯á−®£® ª«�áá�, ª®£¤� ç¨á«® ï¤¥à ¤®áâ¨£�¥â á®â¥− ¬¨«-
«¨®−®¢, ¯à�ªâ¨ç¥áª¨ −¥®¡å®¤¨¬® áãé¥áâ¢¥−−® ãá¨«¨¢�âì �¯¯�à�â−ãî á®áâ�¢«ï-
îéãî áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ¨ ¤®áâ®¢¥à−®áâ¨ à¥§ã«ìâ�â®¢ ¢ëç¨á«¥−¨©.
�à¥¤«®¦¥−−�ï ‘‘-áå¥¬®â¥å−¨ª� ¤«ï à¥�«¨§�æ¨¨ ®á−®¢−ëå ¢ëç¨á«¨â¥«ì−ëå ã§-
«®¢ ®¡¥á¯¥ç¨¢�¥â ¢ëá®ªãî íää¥ªâ¨¢−®áâì ¢ à¥è¥−¨¨ íâ®© §�¤�ç¨.

‚¯¥à¢ë¥ ¢ ®â¥ç¥áâ¢¥−−®© ¨ §�àã¡¥¦−®© ¯à�ªâ¨ª¥ ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� à�§-
à�¡®âª¨ ¤¥©áâ¢¨â¥«ì−® 64/32-à�§àï¤−®£® SIFMA-ãáâà®©áâ¢� ¢ ¢¨¤¥ áå¥¬ë,
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¯®¢¥¤¥−¨¥ ª®â®à®© −¥ §�¢¨á¨â ®â §�¤¥à¦¥ª í«¥¬¥−â®¢ ¨ §�¤¥à¦¥ª ¢ ¯à®¢®¤�å ¤®
â®çª¨ à�§¢¥â¢«¥−¨ï.

�à¨ à�§à�¡®âª¥ ‘‘ áã¬¬�â®à®¢ ¨ ¡«®ª®¢ ã¬−®¦¥−¨ï æ¥«¥á®®¡à�§−® ¨á¯®«ì-
§®¢�âì −�àï¤ã á ¯�à�ä�§−ë¬ âà®¨ç−ë© ‘‘-ª®¤.

ˆ§ ¢á¥£® ¬−®£®®¡à�§¨ï �«£®à¨â¬®¢ á«¥¤ã¥â ¢ë¡¨à�âì �¯¯�à�â−® ®¯à�¢¤�−−ë¥
à¥è¥−¨ï á ¬¨−¨¬�«ì−ë¬ ç¨á«®¬ íâ�¯®¢, âà¥¡ãîé¨å ¨−¤¨ª�æ¨¨ §�¢¥àè¥−¨ï
®¯¥à�æ¨© ®¡à�¡®âª¨.

�«£®à¨â¬ áã¬¬¨à®¢�−¨ï ¯® ¤¥à¥¢ã “®««¥á� à¥ª®¬¥−¤ã¥âáï ¯® ¢®§¬®¦−®áâ¨
æ¥«¨ª®¬ ¢ë¯®«−ïâì ¢ ®¤−®© áâã¯¥−¨ ª®−¢¥©¥à�, ¯à¨¬¥−ïï ¤¢� ¯�à�««¥«ì−ëå
¢ëç¨á«¨â¥«ì−ëå ¡«®ª� ¢ ¯à®â¨¢®ä�§−ëå à¥¦¨¬�å.
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1 Введение

�¯¥à�æ¨ï úã¬−®¦¥−¨¥ ¤¢ãå ®¯¥à�−¤®¢ ¨ á«®¦¥−¨¥ á âà¥âì¨¬ ®¯¥à�−¤®¬û
(Fused Multiply-Add, FMA) | ®¤−� ¨§ −�¨¡®«¥¥ ç�áâ® ¨á¯®«ì§ã¥¬ëå ¢ à�á-
¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨ïå. ‚ «¨â¥à�âãà¥ ¨§¢¥áâ−ë ¬−®£®ç¨á«¥−−ë¥ à¥�«¨§�æ¨¨
¤�−−®© ®¯¥à�æ¨¨, ®â−®áïé¨¥áï ª ª«�ááã á¨−åà®−−ëå áå¥¬ (á¬., −�¯à¨¬¥à, [1{7]).
�¤−�ª® −�¨«ãçè¥¥ á®ç¥â�−¨¥ ¯®âà¥¡¨â¥«ìáª¨å å�à�ªâ¥à¨áâ¨ª ¡«®ª� FMA ®¡¥á-
¯¥ç¨¢�¥âáï ¯à¨¬¥−¥−¨¥¬ á�¬®á¨−åà®−−ëå (‘‘) áå¥¬, −¥ §�¢¨áïé¨å ®â §�¤¥à¦¥ª
í«¥¬¥−â®¢ (Speed Independent, SI).
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 1 ‚�à¨�−âë à¥�«¨§�æ¨¨ SIFMA: á �á¨−åà®−−ë¬ (�) ¨ á¨−åà®−−ë¬ (¡) ®ªàã¦¥−¨¥¬

–¥«ì ¤�−−®© áâ�âì¨ | à�§à�¡®âª� ¤¢ãå ¢�à¨�−â®¢ ãáâà®©áâ¢� ã¬−®¦¥-
−¨ï-á«®¦¥−¨ï (SIFMA), ¯à¥¤−�§−�ç¥−−ëå ¤«ï à�¡®âë á à�§−ë¬ ®ªàã¦¥−¨¥¬.
�¡� ¢�à¨�−â� á®®â¢¥âáâ¢ãîâ áâ�−¤�àâã IEEE 754 [8], ¯à¨−�¤«¥¦�â ª ª«�ááã
SI-ãáâà®©áâ¢ [9], ®¡«�¤�îâ à�áè¨à¥−−ë¬¨ äã−ªæ¨®−�«ì−ë¬¨ ¢®§¬®¦−®áâï¬¨
¨ ¨¬¥îâ á¡�«�−á¨à®¢�−−ë¥ å�à�ªâ¥à¨áâ¨ª¨. �¥à¢ë© ¢�à¨�−â SIFMA (¤�«¥¥
¯® â¥ªáâã | �á¨−åà®−−ë©) ¯à¥¤−�§−�ç¥− ¤«ï à�¡®âë á �á¨−åà®−−ë¬ ®ªàã¦¥-
−¨¥¬ ¨ ¯®§¢®«ï¥â ¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ ¨á¯®«ì§®¢�âì ¯à¥¨¬ãé¥áâ¢� CC-áå¥¬
(à¨á. 1, �). ‚â®à®© ¢�à¨�−â (á¨−åà®−−ë©) ãç¨âë¢�¥â −¥®¡å®¤¨¬®áâì á®£«�á®-
¢�−¨ï ¢å®¤−®£® ¨ ¢ëå®¤−®£® ¨−â¥àä¥©á� CC-ãáâà®©áâ¢� ã¬−®¦¥−¨ï-á«®¦¥−¨ï
á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ (à¨á. 1, ¡).

2 Структурная схема SIFMA

÷�áá¬�âà¨¢�¥¬ë¥ ¢�à¨�−âë SIFMA à�§à�¡®â�−ë −� ®á−®¢¥ ‘‘-ï¤à�. �¤−�-
ª® ¤¥â¥à¬¨−¨à®¢�−−®áâì ¯à®æ¥áá� ¯®¤�ç¨ ®¯¥à�−¤®¢ −� ¢å®¤ SIFMA (−� ª�¦¤®¬
â�ªâ¥ á¨áâ¥¬−®© ç�áâ®âë) ¯à¨ −�«¨ç¨¨ á¨−åà®−−®£® ®ªàã¦¥−¨ï −¥ ¯®§¢®«ï¥â
¢ ¯®«−®© ¬¥à¥ ¨á¯®«ì§®¢�âì â®â ä�ªâ, çâ® ¢à¥¬ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ ¢ SIFMA
§�¢¨á¨â ®â â¨¯� ®¯¥à�æ¨¨ ¨ §−�ç¥−¨ï ®¯¥à�−¤®¢. �®íâ®¬ã ¤«ï ®¡¥á¯¥ç¥−¨ï
¬�ªá¨¬�«ì−®© íää¥ªâ¨¢−®áâ¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¨ ¤®áâ¨¦¥−¨ï ¯à¥¤¥«ì-
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‘�¬®á¨−åà®−−ë© ã¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï

−®£® ¡ëáâà®¤¥©áâ¢¨ï ¢�à¨�−â ¤«ï á¨−åà®−−®£® ®ªàã¦¥−¨ï á®¤¥à¦¨â ãáâà®©áâ¢�
á®¯àï¦¥−¨ï á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ | ¢å®¤−®¥ ¨ ¢ëå®¤−®¥ FIFO (first in,
first out), â�ª¦¥ ¢ë¯®«−¥−−ë¥ ¢ áâ¨«¥ SI-ãáâà®©áâ¢. ÷¥§ã«ìâ¨àãîé�ï áå¥¬�
ãáâà®©áâ¢� ¯®ª�§�−� −� à¨á. 1, ¡.

‚å®¤−ë¥ ¤�−−ë¥ §�¯¨áë¢�îâáï ¢ FIFO á¨−åà®−−® ¯® äà®−âã â�ªâ®¢®£®
á¨£−�«� Clk. ‘¨−åà®−−®¥ ®ªàã¦¥−¨¥ −¥ ¦¤¥â ¯®¤â¢¥à¦¤¥−¨ï ¯à¨¥¬� ¤�−−ëå
®â SIFMA, −® á«¥¤¨â §� ¤®¯®«−¨â¥«ì−ë¬ á¨£−�«®¬ Stop, á¢¨¤¥â¥«ìáâ¢ãîé¨¬
® §�¯®«−¥−¨¨ FIFO. ‚ëå®¤−ë¥ ¤�−−ë¥ â�ª¦¥ áç¨âë¢�îâáï á¨−åà®−−® ¯® äà®−âã
â�ªâ®¢®£® á¨£−�«� Clk, −® â®«ìª® ¯à¨ −�«¨ç¨¨ �ªâ¨¢−®£® ãà®¢−ï −� ¢ëå®¤¥
Ready. ‚ á¢®î ®ç¥à¥¤ì, á¨−åà®−−®¥ ®ªàã¦¥−¨¥ ¨−ä®à¬¨àã¥â ¢ëå®¤−®¥ FIFO
á¨£−�«®¬ Used ® â®¬, çâ® ®−® ¯à¨−ï«® â¥ªãé¨© à¥§ã«ìâ�â ¨ ¡®«ìè¥ −¥ −ã¦¤�¥âáï
¢ −¥¬. ‚ ª�ç¥áâ¢¥ â�ª®£® á¨£−�«� ¬®¦¥â ¨á¯®«ì§®¢�âìáï á¨−åà®á¨£−�« ¢ à¥£¨áâà¥
á¨−åà®−−®£® ®ªàã¦¥−¨ï, ä¨ªá¨àãîé¥¬ à¥§ã«ìâ�â ®¯¥à�æ¨¨.

‚ ª�ç¥áâ¢¥ FIFO ¨á¯®«ì§®¢�−ë ‘‘ ¯®«ã¯«®â−ë¥ à¥£¨áâàë á¤¢¨£� [10,
à¨á. 11.9] ¥¬ª®áâìî ç¥âëà¥ á«®¢� ¤�−−ëå. ‘å¥¬� ®¤−®£® FIFO ¯®ª�§�−� −�
à¨á. 2. �â¤¥«ì−ë¬¨ ®ââ¥−ª�¬¨ ¨§®¡à�¦¥−ë ¢å®¤−�ï £®«®¢ª�, ¢−ãâà¥−−¨© í«¥-
¬¥−â ¨ ¢ëå®¤−�ï £®«®¢ª� FIFO. ‡� áç¥â ¯¥à¥ªà¥áâ−ëå ®¡à�â−ëå á¢ï§¥© ª�¦¤ë©
à�§àï¤ ¤�−−®£® FIFO ú¯à®â�«ª¨¢�¥âû ¯à¨−ïâë© ¡¨â ¨−ä®à¬�æ¨¨ áà�§ã ¤® ¯®-
á«¥¤−¥© −¥§�−ïâ®© ïç¥©ª¨ FIFO. ‚å®¤−�ï £®«®¢ª� ¢å®¤−®£® FIFO ¯à¨−¨¬�¥â ®â
á¨−åà®−−®£® ®ªàã¦¥−¨ï ¨−ä®à¬�æ¨î ¢ âà�¤¨æ¨®−−®¬ ¤«ï á¨−åà®−−ëå áå¥¬ ¢¨¤¥:
¤�−−ë¥ ¯«îá á¨−åà®á¨£−�« | ¨ ¯à¥®¡à�§ã¥â ¥¥ ¢ ¯�à�ä�§−®¥ ¯à¥¤áâ�¢«¥−¨¥.

‚å®¤−�ï £®«®¢ª� ¢ëå®¤−®£® FIFO à�¡®â�¥â á ‘‘-ãáâà®©áâ¢�¬¨, −® ¥¥ áå¥¬�
¨¤¥−â¨ç−� ¢å®¤−®© £®«®¢ª¥ ¢å®¤−®£® FIFO: à®«ì á¨−åà®á¨£−�«� ¨£à�¥â ¯®à�§-
àï¤−ë© ¨−¤¨ª�â®à−ë© ¢ëå®¤ ¯à¥¤è¥áâ¢ãîé¥£® ¡«®ª� SIFMA.

Ÿ¤à®¬ ®¡®¨å ¢�à¨�−â®¢ SIFMA ï¢«ï¥âáï á®¡áâ¢¥−−® ¢ëç¨á«¨â¥«ì ®¯¥à�æ¨¨
ã¬−®¦¥−¨ï-á«®¦¥−¨ï, áâàãªâãà−�ï áå¥¬� ª®â®à®£® ¯®ª�§�−� −� à¨á. 3. …£® ¢å®¤-
−®© ¨ ¢ëå®¤−®© ¨−â¥àä¥©áë á®¤¥à¦�â ¢á¥ −¥®¡å®¤¨¬ë¥ á¨£−�«ë ¤«ï ®à£�−¨§�æ¨¨
¢§�¨¬®¤¥©áâ¢¨ï SIFMA á �á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬.

‚å®¤−ë¥ ®¯¥à�−¤ë | ®¡à�¡�âë¢�¥¬ë¥ ç¨á«�X, Y ,Z ¨ ¯à¨§−�ª¨ ®¯¥à�æ¨¨R
(â¨¯ ®ªàã£«¥−¨ï, â®ç−®áâì ¨ å�à�ªâ¥à ®¯¥à�æ¨¨) ¯®áâã¯�îâ −� ¢å®¤ SIFMA
�á¨−åà®−−®. ˆå £®â®¢−®áâì ¯®¤â¢¥à¦¤�¥âáï á¨£−�«®¬ RqI á® áâ®à®−ë ¨áâ®ç−¨ª�.
SIFMA §�¯®¬¨−�¥â ¤�−−ë¥ ¢® ¢å®¤−ëå à¥£¨áâà�å ¡«®ª®¢ ã¬−®¦¨â¥«ï ¨ ®¡à�¡®âª¨
íªá¯®−¥−â (“��1 ¨ “��2) ¨ ¨§¢¥é�¥â ®¡ ®ª®−ç�−¨¨ íâ®© ¯à®æ¥¤ãàë á¨£−�«®¬
AckI. ‚å®¤ Rst á«ã¦¨â ¤«ï −�ç�«ì−®£® á¡à®á� ãáâà®©áâ¢�.

�â¬¥â¨¬, çâ® SIFMA á¯®á®¡¥− ®¤−®¢à¥¬¥−−® ¢ë¯®«−¨âì ¤¢¥ ®¯¥à�æ¨¨:
úZ +X ∗ Y û ¨ úZ −X ∗ Y û | ¡«�£®¤�àï −�«¨ç¨î ¤¢ãå ¯�à�««¥«ì−ëå ¯ãâ¥©
®¡à�¡®âª¨ ¯à®¨§¢¥¤¥−¨ï ¨ âà¥âì¥£® ®¯¥à�−¤�.

�� ¢ëå®¤¥ SIFMA ä®à¬¨àã¥âáï áã¬¬� FMA ¨/¨«¨ à�§−®áâì FMS ¨ á®¯ãâ-
áâ¢ãîé¨¥ ä«�£¨ à¥§ã«ìâ�â� RFA ¨ RFS. ƒ®â®¢−®áâì à¥§ã«ìâ�â� ¨−¤¨æ¨àã¥âáï
á¨£−�«®¬ RqO. �ª®−ç�−¨¥ çâ¥−¨ï à¥§ã«ìâ�â� �á¨−åà®−−®¥ ®ªàã¦¥−¨¥ SIFMA
¯®¤â¢¥à¦¤�¥â á¨£−�«®¬ AckO.

��¨¡®«¥¥ á«®¦−ë¬ äã−ªæ¨®−�«ì−ë¬ ¡«®ª®¬ ¢ á®áâ�¢¥ SIFMA ï¢«ï¥âáï
ã¬−®¦¨â¥«ì ¬�−â¨áá 53× 53 (áâ�àè¨© à�§àï¤ | ¯®¤à�§ã¬¥¢�¥¬�ï, −® ®âáãâáâ¢ã-
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‘�¬®á¨−åà®−−ë© ã¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï

÷¨á. 3 ‘âàãªâãà−�ï áå¥¬� ï¤à� SIFMA

îé�ï ¢ ä®à¬�â¥ ¯à¥¤áâ�¢«¥−¨ï ç¨á¥« ¯® áâ�−¤�àâã IEEE 754 ¥¤¨−¨æ� æ¥«ëå;
¬«�¤è¨¥ 52-à�§àï¤� | ¬�−â¨áá� ç¨á«�). �− à¥�«¨§®¢�− −� ®á−®¢¥ ¬®¤¨ä¨-
æ¨à®¢�−−®£® �«£®à¨â¬� �ãâ� (Booth) á ®á−®¢�−¨¥¬ Radix-2 ¨ ¤¥à¥¢� “®««¥á�
(Wallace) [11, 12]. ‚ëå®¤®¬ ¢á¥£® ¤¥à¥¢� “®««¥á� ï¢«ïîâáï ¤¢� 106-à�§àï¤−ëå
®¯¥à�−¤�: áã¬¬ë ¨ ¬¥¦à�§àï¤−®£® ¯¥à¥−®á�. „¢®¨ç−ë© à¥§ã«ìâ�â ¯¥à¥¬−®¦¥−¨ï
¤¢ãå ¢å®¤−ëå ®¯¥à�−¤®¢ ¯®«ãç�¥âáï á ¯®¬®éìî ¨å á«®¦¥−¨ï −� 106-à�§àï¤−®¬
áã¬¬�â®à¥ á à�á¯à®áâà�−¥−¨¥¬ ¯¥à¥−®á�.

ˆáá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® ¯®¢ëè¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï ¯à¨ ¯à�ªâ¨ç¥áª¨
â�ª¨å ¦¥ �¯¯�à�âãà−ëå §�âà�â�å ¤®áâ¨£�¥âáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ á¯¥æ¨�«ì−®£®
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‘‘-ª®¤¨à®¢�−¨ï, ®á−®¢�−−®£® −� âà®¨ç−®¬ ¨§¡ëâ®ç−®¬ ¯à¥¤áâ�¢«¥−¨¨ ®¡à�¡�-
âë¢�¥¬ëå ®¯¥à�−¤®¢. ‘å¥¬� ®¤−®£® à�§àï¤� áã¬¬�â®à� â�ª¨å ®¯¥à�−¤®¢ ¯®ª�§�−�
−� à¨á. 4.

‘¯¥æ¨�«ì−®¥ ä®à¬�â¨à®¢�−¨¥ ¢å®¤−ëå ¤�−−ëå ¤«ï �«£®à¨â¬� �ãâ� ¯®§¢®«ï¥â
¢ à�¬ª�å ®¤−®£® ã¬−®¦¥−¨ï ¯®«ãç¨âì «¨¡® ®¤¨− à¥§ã«ìâ�â ®¯¥à�æ¨¨ ¤¢®©−®©
â®ç−®áâ¨, «¨¡® áà�§ã ¤¢� à¥§ã«ìâ�â� ¤¢ãå ®¯¥à�æ¨© ®¤¨−�à−®© â®ç−®áâ¨.

�à¥¤«�£�¥¬�ï à¥�«¨§�æ¨ï SIFMA ¢ª«îç�¥â ¤¢� ¡«®ª� “��, à�¡®â�îé¨å
¯�à�««¥«ì−®. �â® ®¡¥á¯¥ç¨¢�¥â ¬�ªá¨¬�«ì−®¥ ¡ëáâà®¤¥©áâ¢¨¥ ¨ á¡�«�−á¨à®-
¢�−−®áâì áâã¯¥−¥© ª®−¢¥©¥à� ¯à¨ à�§ã¬−ëå �¯¯�à�âãà−ëå §�âà�â�å. Š�¦¤ë©
¡«®ª “�� ¢ë¯®«−ï¥â ã¬−®¦¥−¨¥ ®¯¥à�−¤®¢ X ¨ Y , � â�ª¦¥ �−�«¨§ ¨ ®¡à�¡®âªã
íªá¯®−¥−â ¢á¥å âà¥å ®¯¥à�−¤®¢ ¨ ¢ëà�¢−¨¢�−¨¥ ®¯¥à�−¤� Z.

�ç¥à¥¤−®áâì ¯à¥¤®áâ�¢«¥−¨ï −®¢ëå ®¯¥à�−¤®¢ ¡«®ª�¬ “�� −¥ §�¢¨á¨â ®â
¢à¥¬¥−¨ ¢ëç¨á«¥−¨ï ª�¦¤®£® ¡«®ª� ¨ ®¯à¥¤¥«ï¥âáï ¯à®áâë¬ ç¥à¥¤®¢�−¨¥¬. �â®
¯®§¢®«ï¥â ®âª�§�âìáï ®â ¨á¯®«ì§®¢�−¨ï �à¡¨âà�¦� ª�ª −� ¢å®¤¥ ¡«®ª®¢ “��,
â�ª ¨ −� ¨å ¢ëå®¤¥ ¨ á®åà�−¨âì ¯®á«¥¤®¢�â¥«ì−®áâì ¯®ï¢«¥−¨ï à¥§ã«ìâ�â� −�
¢ëå®¤¥ SIFMA, á®®â¢¥âáâ¢ãîé¥© ¯®àï¤ªã §�¤�−¨ï ®¯¥à�−¤®¢ −� ¢å®¤¥. ’�ª¨¬
®¡à�§®¬, ®ªàã¦¥−¨¥ SIFMA ¢á¥£¤� §−�¥â, à¥§ã«ìâ�â ª�ª®© ¨¬¥−−® ®¯¥à�æ¨¨
¯à¨áãâáâ¢ã¥â −� ¥£® ¢ëå®¤¥: SIFMA ¯à¥¤áâ�¢«ï¥â á®¡®© ª�ª ¡ë ®¤−® FIFO á®
á«®¦−®© äã−ªæ¨®−�«ì−®© −�ç¨−ª®©.

�®á«¥¤ãîé¨¥ ¡«®ª¨ ï¤à� SIFMA ®¡à�¡�âë¢�îâ ¯®áâã¯�îé¨¥ ¤�−−ë¥ ¢ ‘‘-
à¥¦¨¬¥: ¯® ¬¥à¥ £®â®¢−®áâ¨ ¤�−−ë¥ ¯¥à¥¤�îâáï ¨§ â¥ªãé¥£® ¡«®ª� ¢ á«¥¤ãîé¨©.
�à¨ç¥¬ ¬ã«ìâ¨¯«¥ªá®à ¤�−−ëå −� ¢ëå®¤¥ ¡«®ª®¢ “�� ¢ë¡¨à�¥â ¯à®¨§¢¥¤¥−¨¥
¬�−â¨áá ¤¢ãå ®¯¥à�−¤®¢, ¢ëà�¢−¥−−ãî ¢ á®®â¢¥âáâ¢¨¨ á® §−�ç¥−¨¥¬ íªá¯®−¥−â
¢á¥å âà¥å ®¯¥à�−¤®¢ ¬�−â¨ááã âà¥âì¥£® ®¯¥à�−¤� ¨ íªá¯®−¥−âã à¥§ã«ìâ�â� −�
¢ëå®¤¥ �ªâ¨¢−®£® ¢ ¤�−−ë© ¬®¬¥−â ª�−�«� ¨ à�á¯�à�««¥«¨¢�¥â ¤�«ì−¥©è¨¥
¢ëç¨á«¥−¨ï. ‘ã¬¬� ¨ à�§−®áâì ¢ëà�¢−¥−−®£® âà¥âì¥£® ®¯¥à�−¤� ¨ ¯à®¨§¢¥¤¥-
−¨ï ¯¥à¢ëå ¤¢ãå ®¯¥à�−¤®¢ ¢ëç¨á«ïîâáï ®¤−®¢à¥¬¥−−® ¤«ï ãáª®à¥−¨ï à�¡®âë
SIFMA.

÷¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï ®¡¥¨å ®¯¥à�æ¨© §�¯¨áë¢�îâáï ¢ ¢ëå®¤−®¥ FIFO.
�¯¥à�æ¨ï áç¨â�¥âáï ¢ë¯®«−¥−−®©, ¥á«¨ à¥§ã«ìâ�âë ¨ á«®¦¥−¨ï, ¨ ¢ëç¨â�−¨ï
§�ä¨ªá¨à®¢�−ë ¢ ¢ëå®¤−®¬ FIFO. Œ�ªá¨¬�«ì−�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ¢ ‘‘-
ãáâà®©áâ¢�å, ª�ª ¨ ¢ á¨−åà®−−ëå áå¥¬�å, ®¡¥á¯¥ç¨¢�¥âáï ª®−¢¥©¥à−®© �àå¨â¥ª-
âãà®©.

3 Конвейер SIFMA

Š®−¢¥©¥à ‘‘-ãáâà®©áâ¢� ®¡ëç−® áâà®¨âáï −� ®á−®¢¥ §�¯à®á-®â¢¥â−®£® ¢§�¨-
¬®¤¥©áâ¢¨ï ¬¥¦¤ã áâã¯¥−ï¬¨ (à¨á. 5). ƒ¨áâ¥à¥§¨á−ë¥ âà¨££¥àë (ƒ-âà¨££¥àë [10])
−� ®á−®¢¥ ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢ ¯à¥¤ë¤ãé¥© ¨ ¯®á«¥¤ãîé¥© áâã¯¥−¥© ª®−¢¥©¥à�
ä®à¬¨àãîâ á¨£−�«ë ã¯à�¢«¥−¨ï, à�§à¥è�îé¨¥ ¯¥à¥ª«îç¥−¨¥ á®®â¢¥âáâ¢ãîé¥©
áâã¯¥−¨ ¨§ à�¡®ç¥© ä�§ë ¢ á¯¥©á¥à ¨ ®¡à�â−®.

‚ âà�¤¨æ¨®−−®© ‘‘-áå¥¬®â¥å−¨ª¥ ®¤−� áâã¯¥−ì ª®−¢¥©¥à� à¥�«¨§ã¥âáï áå¥-
¬®©, ¨§®¡à�¦¥−−®© −� à¨á. 6. ‡¤¥áì ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë ª®¬¡¨−�æ¨®−−®©
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÷¨á. 5 ’à�¤¨æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ áâã¯¥−¥© ª®−¢¥©¥à�

÷¨á. 6 ‘âàãªâãà−�ï áå¥¬� ®¤−®© áâã¯¥−¨ âà�¤¨æ¨®−−®£® ª®−¢¥©¥à�

áå¥¬ë (Š‘) ¨ à¥£¨áâà� åà�−¥−¨ï (÷•) ®¡ê¥¤¨−ïîâáï ¢ ®¤¨− ¨−¤¨ª�â®à−ë©
¢ëå®¤−®© á¨£−�« ¢á¥© áâã¯¥−¨, ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï ®à£�−¨§�æ¨¨ ¢§�¨¬®-
¤¥©áâ¢¨ï á ¯à¥¤ë¤ãé¥© ¨ ¯®á«¥¤ãîé¥© áâã¯¥−ï¬¨ ª®−¢¥©¥à�. �¤−�ª® ¢ àï¤¥
á«ãç�¥¢ ã¤�¥âáï ®¯â¨¬¨§¨à®¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ áâã¯¥−¥© ª®−¢¥©¥à�, ¯®¢ëá¨¢
¥£® ¡ëáâà®¤¥©áâ¢¨¥ ¯ãâ¥¬ à�§¤¥«¥−¨ï ¨−¤¨ª�â®à−ëå á¨£−�«®¢, ã¯à�¢«ïîé¨å
¯à¥¤ë¤ãé¥© ¨ ¯®á«¥¤ãîé¥© áâã¯¥−ï¬¨ ª®−¢¥©¥à�. ‚ ¤�−−®¬ á«ãç�¥ íâ® ®ª�§�-
«®áì ¢®§¬®¦−ë¬ ¡«�£®¤�àï áâàãªâãà¥ ª�¦¤®© áâã¯¥−¨ ª®−¢¥©¥à�, ¨§®¡à�¦¥−−®©
−� à¨á. 7. ‚ëå®¤ë DGi ¨−¤¨æ¨àãîâ ¯®à�§àï¤−ë¥ ¨−¤¨ª�â®àë ¨ ¢¬¥áâ¥ á DPi

á®áâ�¢«ïîâ ®¡éãî á®¢®ªã¯−®áâì ¯�à�ä�§−ëå ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢ áâã¯¥−¨.
Š�¦¤�ï áâã¯¥−ì ª®−¢¥©¥à�, §� ¨áª«îç¥−¨¥¬ ¢å®¤−®£® ¨ ¢ëå®¤−®£® FIFO,

¢ª«îç�¥â âà¨ ¡«®ª�:

(1) ¢å®¤−®© ÷•;

(2) Š‘, à¥�«¨§ãîéãî �«£®à¨â¬ ®¡à�¡®âª¨ ¤�−−ëå ¢ â¥ªãé¥© áâã¯¥−¨;

(3) ¢ëå®¤−®© à¥£¨áâà ¨−¤¨ª�æ¨¨ ¨ åà�−¥−¨ï (÷ˆ•).

÷¨á. 7 ‘âàãªâãà−�ï áå¥¬� ®¤−®© áâã¯¥−¨ à¥�«¨§®¢�−−®£® ª®−¢¥©¥à�
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÷¨á. 8 ‘å¥¬� ®¤−®£® à�§àï¤� à¥£¨áâà®¢ ÷• (�) ¨ ÷ˆ• (¡)

÷¥£¨áâà åà�−¥−¨ï ä®à¬¨àã¥â ¤¢� ¨−¤¨ª�â®à−ëå ¢ëå®¤�: Ai ¨ Ri, | ¯à¨ç¥¬
á¨£−�« Ai, ª�ª ¢ ¤�−−®© à¥�«¨§�æ¨¨, ¬®¦¥â ¨¬¥âì á¯¥ªã«ïâ¨¢−ãî ®á−®¢ã, ¯®§¢®-
«ïîéãî ãáª®à¨âì §�¯à®á-®â¢¥â−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬−®£®à�§àï¤−ëå ãáâà®©áâ¢
¢ á®áâ�¢¥ ª®−¢¥©¥à�. ‘¨£−�« ¦¥ Ri ï¢«ï¥âáï ¯®«−®æ¥−−ë¬ ¨−¤¨ª�â®à®¬ ÷•,
®¡¥á¯¥ç¨¢�ï áâà®£ãî á�¬®á¨−åà®−−®áâì ¯à¨¥¬� ¤�−−ëå íâ®© áâã¯¥−ìî ª®−¢¥©¥à�.

÷¥�«¨§�æ¨ï ÷• (à¨á. 8, �) ¨ ÷ˆ• (à¨á. 8, ¡) −� ®á−®¢¥ ƒ-âà¨££¥à� ¯®§¢®«ï¥â
®¯â¨¬¨§¨à®¢�âì ¯® ¡ëáâà®¤¥©áâ¢¨î ¨−¤¨ª�â®à−ãî ¯®¤áå¥¬ã SIFMA. ‡¤¥áì X
¨ XB | ¨−ä®à¬�æ¨®−−ë¥ ¯�à�ä�§−ë¥ ¢å®¤ë; E | ®¡é¨© ¤«ï ¢á¥å à�§àï¤®¢
÷• á¨£−�« ã¯à�¢«¥−¨ï; I | ¨−¤¨ª�â®à−ë© ¢ëå®¤ á®®â¢¥âáâ¢ãîé¥£® à�§àï¤� ÷•
¨«¨ ¯®à�§àï¤−ë© ¨−¤¨ª�â®à ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¤�−−®© áâã¯¥−¨ ¤«ï ÷ˆ•; Y
¨ YB | ¯�à�ä�§−ë¥ ¢ëå®¤ë á −ã«¥¢ë¬ á¯¥©á¥à®¬. ˆ−¤¨ª�â®à−ë¥ ¯®à�§àï¤−ë¥
¢ëå®¤ë ÷• úá¦¨¬�îâáïû ¢ ®¡é¨© ¨−¤¨ª�â®à−ë© ¢ëå®¤ Ri ÷• á ¯®¬®éìî
áâ�−¤�àâ−ëå áå¥¬ ¨−¤¨ª�æ¨¨ ‘‘-áå¥¬®â¥å−¨ª¨ [10].

÷¥£¨áâàë ÷• ¨ ÷ˆ• åà�−ïâ ª�ª à�¡®çãî ä�§ã, â�ª ¨ á¯¥©á¥à ¢å®¤−ëå á¨£−�-
«®¢ X, XB. �â® ¨§¡�¢«ï¥â ®â −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�âì ¤®¯®«−¨â¥«ì−® ¡«®ª
¯à¥®¡à�§®¢�−¨ï ¡¨ä�§−®£® á¨£−�«� (¢ëå®¤� ¡¨áâ�¡¨«ì−®© ïç¥©ª¨ âà¨££¥à� |
à�§àï¤� âà�¤¨æ¨®−−®£® à¥£¨áâà� åà�−¥−¨ï) ¢ ¯�à�ä�§−ë© á¨£−�« á® á¯¥©á¥à®¬,
á ª®â®àë¬ à�¡®â�îâ ª®¬¡¨−�æ¨®−−ë¥ ‘‘-áå¥¬ë. Šà®¬¥ â®£®, ÷ˆ• ¨−¤¨æ¨àã¥â
á¢®¨¬¨ ¢ëå®¤�¬¨ ¯®à�§àï¤−ë¥ ¨−¤¨ª�â®àë I áå¥¬ë Š‘, � ÷• | −¥ª®â®àë©
á¨£−�« ã¯à�¢«¥−¨ï E, ä®à¬¨àã¥¬ë© ¨−¤¨ª�â®à−ë¬¨ ¢ëå®¤�¬¨ â¥ªãé¥© ¨ á«¥-
¤ãîé¥© áâã¯¥−¥© ª®−¢¥©¥à�. ’¥¬ á�¬ë¬ ã¯à®é�¥âáï ¨ ãáª®àï¥âáï ä®à¬¨à®¢�−¨¥
®¡é¥£® ¨−¤¨ª�â®à� Š‘. ÷¥§ã«ìâ¨àãîé�ï áå¥¬� ¢§�¨¬®¤¥©áâ¢¨ï áâã¯¥−¥© ª®−-
¢¥©¥à� ¯®ª�§�−� −� à¨á. 9. ��à�ä�§−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¢ëå®¤ë DP ¨ DG
®¡ê¥¤¨−ïîâáï ¢ ®¤−ã è¨−ã ¨−ä®à¬�æ¨®−−ëå ¤�−−ëå.

Š�¦¤�ï áâã¯¥−ì ª®−¢¥©¥à� ¨¬¥¥â á¯¥ªã«ïâ¨¢−ë© (ã¯à®é¥−−ë© −� ®á−®¢¥
ªà¨â¨ç¥áª®£® ¯ãâ¨) ¨ ¯®«−ë© ¨−¤¨ª�â®à−ë© ¢ëå®¤. ‘¯¥ªã«ïâ¨¢−ë© ¨−¤¨ª�â®à-
−ë© ¢ëå®¤ áâã¯¥−¨ A ¨á¯®«ì§ã¥âáï ¤«ï ä®à¬¨à®¢�−¨ï á¨£−�«� E ã¯à�¢«¥−¨ï
¯à¥¤ë¤ãé¥© áâã¯¥−ìî ª®−¢¥©¥à�, � ¯®«−ë© ¨−¤¨ª�â®à−ë© ¢ëå®¤ R | ¤«ï
ä®à¬¨à®¢�−¨ï á¨£−�«� ã¯à�¢«¥−¨ï â¥ªãé¥© áâã¯¥−ìî.

’�ª�ï à¥�«¨§�æ¨ï ¯®§¢®«¨«� ¤®áâ¨çì ¯à¨ â¨¯®¢ëå ãá«®¢¨ïå áà¥¤−¥© ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨ ª®−¢¥©¥à� 1 ƒä«®¯á ¨ ®¡¥á¯¥ç¨âì áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï
®¯¥à�æ¨¨ −¥ ¡®«¥¥ 6 −á.
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 9 �¯â¨¬¨§¨à®¢�−−�ï áå¥¬� ¢§�¨¬®¤¥©áâ¢¨ï áâã¯¥−¥© ª®−¢¥©¥à� SIFMA

�¯¨á�−−�ï ®à£�−¨§�æ¨ï §�¯à®á-®â¢¥â−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã áâã¯¥−ï¬¨
ª®−¢¥©¥à� ¡ë«� ¯à®�−�«¨§¨à®¢�−� ¯à®£à�¬¬�¬¨ �−�«¨§� áå¥¬ë −� á�¬®á¨−åà®−-
−®áâì �‘�…Š’ [13] ¨ �‘ˆ�� [14], ª®â®àë¥ ¯®¤â¢¥à¤¨«¨ ¯à¨−�¤«¥¦−®áâì
áå¥¬ë ª®−¢¥©¥à� ª ª«�ááã SI-ãáâà®©áâ¢.

‘ ãç¥â®¬ −¥®¡å®¤¨¬®áâ¨ ¨ ¤®áâ�â®ç−®áâ¨ ¨−¤¨æ¨à®¢�−¨ï ¢ ¯®«−®¬ ®¡ê¥¬¥
â®«ìª® á¯¥©á¥à−®© ä�§ë SIFMA ¨−¤¨ª�â®à−�ï ¯®¤áå¥¬� Š‘ áâà®¨âáï á ¨á-
¯®«ì§®¢�−¨¥¬ â®«ìª® ª®¬¡¨−�æ¨®−−ëå «®£¨ç¥áª¨å í«¥¬¥−â®¢, ¡¥§ £¨áâ¥à¥§¨á−ëå
âà¨££¥à®¢, ¨ à¥�«¨§ã¥â «®£¨ç¥áªãî äã−ªæ¨î úˆû (¤«ï ¥¤¨−¨ç−®£® á¯¥©á¥à�) «¨¡®
úˆ‹ˆû (¤«ï −ã«¥¢®£® á¯¥©á¥à�). �â® á®ªà�é�¥â �¯¯�à�âãà−ë¥ §�âà�âë ¨ ãáª®-
àï¥â ä®à¬¨à®¢�−¨¥ ¨−¤¨ª�â®à−ëå á¨£−�«®¢, ãç�áâ¢ãîé¨å ¢ §�¯à®á-®â¢¥â−®¬
¢§�¨¬®¤¥©áâ¢¨¨ áâã¯¥−¥© ª®−¢¥©¥à�.

÷�§¡¨¥−¨¥ SIFMA −� áâã¯¥−¨ ª®−¢¥©¥à� ¢ë¯®«−ï«®áì ¨áå®¤ï ¨§ ¯à¨−æ¨¯�
®¡¥á¯¥ç¥−¨ï ¬�ªá¨¬�«ì−®£® ¡ëáâà®¤¥©áâ¢¨ï SIFMA á ãç¥â®¬ ¯à¨¥¬«¥¬ëå �¯¯�-
à�âãà−ëå §�âà�â ¨ á¡�«�−á¨à®¢�−−®áâ¨ ª®−¢¥©¥à�. ‚ æ¥«®¬ ®−® á®®â¢¥âáâ¢ã¥â
áâàãªâãà−®© áå¥¬¥ SIFMA −� à¨á. 3. ‚ ¢�à¨�−â¥ á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬
¢å®¤−®¥ ¨ ¢ëå®¤−®¥ FIFO ï¢«ïîâáï ¤®¯®«−¨â¥«ì−ë¬¨ áâã¯¥−ï¬¨ ª®−¢¥©¥à�.

Š®−¢¥©¥à SIFMA ®¡¥á¯¥ç¨¢�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì −� ãà®¢−¥ 1 ƒä«®¯á ¤«ï
áà¥¤−¥áâ�â¨áâ¨ç¥áª®© ª®¬¡¨−�æ¨¨ ¢å®¤−ëå ®¯¥à�−¤®¢ ¯à¨ â¨¯®¢®¬ −�¯àï¦¥−¨¨
¯¨â�−¨ï 1 ‚ ¨ â¥¬¯¥à�âãà¥ ®ªàã¦�îé¥© áà¥¤ë 25 ◦C. ‘à¥¤−¥¥ ¢à¥¬ï ¢ë¯®«-
−¥−¨ï ®¯¥à�æ¨¨ | −¥ ¡®«¥¥ 6 −á. �à¨ ®¡à�¡®âª¥ −�¨åã¤è¥© á â®çª¨ §à¥−¨ï
¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ª®¬¡¨−�æ¨¨ ¢å®¤−ëå ®¯¥à�−¤®¢ ¯à®¨§¢®¤¨â¥«ì−®áâì ¬®¦¥â
á−¨¦�âìáï, −® ¢ áà¥¤−¥¬ ®−� ¡ã¤¥â −¥ åã¦¥ 1 ƒä«®¯á.

4 Характеристики SIFMA

•�à�ªâ¥à¨áâ¨ª¨ «î¡®£® ãáâà®©áâ¢� ¢® ¬−®£®¬ ®¯à¥¤¥«ïîâáï ¡�§¨á®¬ ¥£®
à¥�«¨§�æ¨¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¨§¢¥áâ−ë ¤¢� ®á−®¢−ëå ¡�§¨á� à¥�«¨§�æ¨¨
SI-áå¥¬:

(1) ¨§¡ëâ®ç−�ï NCL (NULL convention logic) «®£¨ª� [15], ®¡¥á¯¥ç¨¢�îé�ï
−¥§�¢¨á¨¬®áâì −¥ â®«ìª® ®â §�¤¥à¦¥ª í«¥¬¥−â®¢, −® ¨ ®â §�¤¥à¦¥ª ¢ æ¥¯ïå
¬¥¦á®¥¤¨−¥−¨©;
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‘�¬®á¨−åà®−−ë© ã¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï

•�à�ªâ¥à¨áâ¨ª¨ ¢�à¨�−â®¢ SIFMA

ˆ−â¥àä¥©á
SIFMA

‘«®¦−®áâì
à¥�«¨§�æ¨¨,
âà�−§¨áâ®àë

�«®é�¤ì,
¬¬

�à®¨§¢®¤¨-
â¥«ì−®áâì,

ƒä«®¯á

‚à¥¬ï
¢ë¯®«−¥−¨ï
®¯¥à�æ¨¨, −á

�−¥à£®-
¯®âà¥¡«¥−¨¥,
¬„¦/ƒƒæ

� 639 000 0,78 1,0 5,95 970
‘ 724 000 0,96 1,0 6,90 1140

(2) −¥¨§¡ëâ®ç−�ï ŠŒ��-«®£¨ª� [16], ®¡¥á¯¥ç¨¢�îé�ï −¥§�¢¨á¨¬®áâì ®â §�-
¤¥à¦¥ª í«¥¬¥−â®¢, � ¢ ¯à¥¤¥«�å íª¢¨åà®−−®© §®−ë [10] | ¨ ®â §�¤¥à¦¥ª
¢ æ¥¯ïå ¬¥¦á®¥¤¨−¥−¨©.

�®á«¥ áà�¢−¥−¨ï ¯à¥¨¬ãé¥áâ¢ ¨ −¥¤®áâ�âª®¢ ®¡®¨å áå¥¬®â¥å−¨ç¥áª¨å ¡�-
§¨á®¢ [16] ¯à¥¤¯®çâ¥−¨¥ ¡ë«® ®â¤�−® −¥¨§¡ëâ®ç−®© ŠŒ��-«®£¨ª¥, â�ª ª�ª
®−� ®¡¥á¯¥ç¨¢�¥â ¬¥−ìè¨¥ �¯¯�à�âãà−ë¥ §�âà�âë (¢ 4,49 à�§� ¯à¨ à¥�«¨§�æ¨¨
¤¢®¨ç−®£® áç¥âç¨ª�, ¢ 1,13 à�§� ¯à¨ à¥�«¨§�æ¨¨ ã¬−®¦¨â¥«ï 4 × 4, ¤® 2 à�§
¯à¨ à¥�«¨§�æ¨¨ ¡®«¥¥ ¯à®áâëå «®£¨ç¥áª¨å áå¥¬), ¡‚®«ìèãî ¯à®¨§¢®¤¨â¥«ì−®áâì
¨ ¬¥−ìè¥¥ í−¥à£®¯®âà¥¡«¥−¨¥ ¯® áà�¢−¥−¨î á NCL-áå¥¬�¬¨.

�à¨ ¯à®¥ªâ¨à®¢�−¨¨ SIFMA ¨á¯®«ì§®¢�«�áì ¡¨¡«¨®â¥ª� í«¥¬¥−â®¢, à�§à�-
¡®â�−−�ï ¤«ï áâ�−¤�àâ−®© ŠŒ��-â¥å−®«®£¨¨ á ¯à®¥ªâ−ë¬¨ −®à¬�¬¨ 65 −¬.
„¢�¤æ�âì á¥¬ì í«¥¬¥−â®¢, ¢®è¥¤è¨å ¢ á®áâ�¢ ¡¨¡«¨®â¥ª¨, ï¢«ïîâáï ¯®¤¬−®¦¥-
áâ¢®¬ í«¥¬¥−â®¢ ¨§ ¡¨¡«¨®â¥ª¨ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬ [17]. �−¨ ¡ë«¨
�¯à®¡¨à®¢�−ë ¯à¨ à�§à�¡®âª¥ ¨ ¨§£®â®¢«¥−¨¨ ¯® ŠŒ��-â¥å−®«®£¨¨ 65-−�−®-
¬¥âà®¢ë¬¨ ¯à®¥ªâ−ë¬¨ −®à¬�¬¨ SI-¢ëç¨á«¨â¥«ï [9].

•�à�ªâ¥à¨áâ¨ª¨ ¢�à¨�−â®¢ SIFMA ¤«ï �á¨−åà®−−®£® (�) ¨ á¨−åà®−−®£® (‘)
®ªàã¦¥−¨ï, ¢ë¯®«−¥−−ëå ¯® 65-−�−®¬¥âà®¢®© ŠŒ��-â¥å−®«®£¨¨ á è¥áâìî
á«®ï¬¨ ¬¥â�««¨§�æ¨¨, ¯à¨¢¥¤¥−ë ¢ â�¡«¨æ¥. �−¨ ï¢«ïîâáï ®æ¥−®ç−ë¬¨. �−¨
¯®«ãç¥−ë ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï áå¥¬ë SIFMA á ãç¥â®¬ ¯�à�§¨â−ëå ¯�à�¬¥âà®¢,
¨§¢«¥ç¥−−ëå ¨§ â®¯®«®£¨¨ ¡«®ª�. �ëáâà®¤¥©áâ¢¨¥ ®¯à¥¤¥«ï«®áì ¤«ï â¨¯®¢ëå
ãá«®¢¨© íªá¯«ã�â�æ¨¨, â�ª ª�ª ¯à®¨§¢®¤¨â¥«ì−®áâì SI-áå¥¬ ¢á¥£¤� á®®â¢¥âáâ¢ã¥â
â¥ªãé¨¬ ãá«®¢¨ï¬ íªá¯«ã�â�æ¨¨, � á�¬¨ SI-áå¥¬ë −¥ âà¥¡ãîâ ãç¥â� −�¨åã¤è¥£®
á«ãç�ï.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢�à¨�−â SIFMA ¤«ï á¨−åà®−−®£® ®ªàã¦¥−¨ï −�å®¤¨âáï
−� íâ�¯¥ §�¢¥àè¥−¨ï â®¯®«®£¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ £®â®¢¨âáï ª §�¯ãáªã
¢ á®áâ�¢¥ â¥áâ®¢®© �ˆ‘ (¡®«ìè®© ¨−â¥£à�«ì−®© áå¥¬ë).

5 Заключение

�à¥¤áâ�¢«¥−−ë¥ ¢�à¨�−âë ãáâà®©áâ¢�, ¢ë¯®«−ïîé¥£® ®¯¥à�æ¨î FMA ¢ á®-
®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ®¬ IEEE 754, ®â−®áïâáï ª ª«�ááã ãáâà®©áâ¢, ¯®¢¥¤¥−¨¥
ª®â®àëå −¥ §�¢¨á¨â ®â §�¤¥à¦¥ª í«¥¬¥−â®¢ (SI-ãáâà®©áâ¢). �−¨ ¯®§¢®«ïîâ ¯®«ã-
ç¨âì áã¬¬ã ¨ à�§−®áâì âà¥âì¥£® ®¯¥à�−¤� ¨ ¯à®¨§¢¥¤¥−¨ï ¤¢ãå ¯¥à¢ëå ®¯¥à�−¤®¢
¤«ï ®¤−®© âà®©ª¨ ç¨á¥« ¤¢®©−®© â®ç−®áâ¨ ¨«¨ ¤«ï ¤¢ãå ã¯�ª®¢�−−ëå âà®¥ª ç¨á¥«
®¤¨−�à−®© â®ç−®áâ¨.
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

‚�à¨�−â á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ ®â«¨ç�¥âáï ®â ¢�à¨�−â� á �á¨−åà®−−ë¬
®ªàã¦¥−¨¥¬ −�«¨ç¨¥¬ ¢å®¤−®£® ¨ ¢ëå®¤−®£® FIFO ¥¬ª®áâìî ¢ 4 á«®¢� ¤�−−ëå
ª�¦¤®¥.

‘à¥¤−ïï ¯à®¨§¢®¤¨â¥«ì−®áâì ®¡®¨å ¢�à¨�−â®¢ ãáâà®©áâ¢� ¯à¨ â¨¯®¢ëå ãá«®-
¢¨ïå à�¢−� 1,0 ƒä«®¯á.

�−¥à£®¯®âà¥¡«¥−¨¥ SIFMA á®áâ�¢«ï¥â 970 ¨ 1140 ¬„¦/ƒƒæ ¤«ï ¢�à¨�−â®¢
á �á¨−åà®−−ë¬ ¨ á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ á®®â¢¥âáâ¢¥−−®.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢�à¨�−â SIFMA ¤«ï á¨−åà®−−®£® ®ªàã¦¥−¨ï £®â®¢¨âáï
ª §�¯ãáªã ¢ á®áâ�¢¥ â¥áâ®¢®© �ˆ‘.
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Abstract: Paper presents the results of designing Speed-Independed Fused
Multiply-Add (SIFMA) variants compliant with the IEEE 754 Standard.
SIFMA performs either one double precision FMA operation or one or two
single precision operations simultaneously under three operands. SIFMA was
designed for the standard 65-nanometer CMOS (complementary metall{oxide{
semiconductor) technology. It uses both a standard cell library and a self-timed
cell library designed in IPI RAS. One SIFMA variant operates with a syn-
chronous environment, while another works with an asynchronous environment.
Both variants provide an average performance up to 1 GFlops for 1-volt supply
and environment temperature of 25 ◦C. At these conditions, energy consumption
does not exceed 970 mJ/GHz.
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СОВРЕМЕННЫЕ ТЕНДЕНЦИИ В РАЗВИТИИ АРХИТЕКТУР
ИНТЕГРИРОВАННЫХ СЕТЕВЫХ ПРОЦЕССОРОВ

В. Б. Егоров1

�−−®â�æ¨ï: ‚ áâ�âì¥ ®â¬¥ç¥−� ¢®§à�áâ�îé�ï à®«ì ¯à®£à�¬¬¨àã¥¬ëå ¨−-
â¥£à¨à®¢�−−ëå á¥â¥¢ëå ¯à®æ¥áá®à®¢ (ˆ‘�) ¢ á®§¤�−¨¨ á®¢à¥¬¥−−ëå ¯�ª¥â-
−ëå ª®¬¬ãâ�â®à®¢, ¬�àèàãâ¨§�â®à®¢ ¨ à�§«¨ç−ëå ãáâà®©áâ¢ á¥â¥¢®© ¨−-
äà�áâàãªâãàë, ¤�− �−�«¨§ á¥£®¤−ïè−¨å â¥−¤¥−æ¨© ¢ à�§¢¨â¨¨ �àå¨â¥ªâãà
ˆ‘�, ¢ë¤¥«¥−ë à�§«¨ç−ë¥ ãà®¢−¨ ¯à®£à�¬¬¨àã¥¬®áâ¨ ¨ ¢�¦−¥©è¨¥ ª®¬-
¯®−¥−âë ¬�ªà®�àå¨â¥ªâãàë ˆ‘�, ¢ëï¢«¥−� ¢§�¨¬®á¢ï§ì ¬�ªà®�àå¨â¥ªâãàë
á ¢®§¬®¦−®áâìî ®à£�−¨§�æ¨¨ ¢ ˆ‘� ¢−ãâà¥−−¨å ¢¨àâã�«ì−ëå ª®−¢¥©¥à®¢
¤«ï ¤¥â¥à¬¨−¨áâ¨ç¥áª®© ®¡à�¡®âª¨ ¯�ª¥â®¢ á ¢ëá®ª®© ¯à®¯ãáª−®© á¯®á®¡-
−®áâìî, ¯®ª�§�−� ª«îç¥¢�ï à®«ì ¤¨á¯¥âç¥à� ¢−ãâà¥−−¨å ®ç¥à¥¤¥© ¢ ¤®áâ¨¦¥-
−¨¨ íää¥ªâ¨¢−®£® äã−ªæ¨®−¨à®¢�−¨ï ¢−ãâà¨ ˆ‘� ¢¨àâã�«ì−ëå ª®−¢¥©¥à®¢,
®â¬¥ç¥−ë ¯à¥¨¬ãé¥áâ¢� ¢ëá®ª®áª®à®áâ−ëå ¯®á«¥¤®¢�â¥«ì−ëå ¨−â¥àä¥©á®¢,
å�à�ªâ¥à¨§ãîé¨åáï ®à£�−¨§�æ¨¥© ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã �¡®−¥−â�¬¨ −� à�¢-
−®¯à�¢−®© ®á−®¢¥ ¢ ª�ç¥áâ¢¥ áà¥¤áâ¢� ¯®¤ª«îç¥−¨ï ¬−®¦¥áâ¢� ˆ‘� ª ®¡é¥©
¢−¥è−¥© ª®¬¬ãâ�æ¨®−−®© áâàãªâãà¥.

Š«îç¥¢ë¥ á«®¢�: ¨−â¥£à¨à®¢�−−ë© á¥â¥¢®© ¯à®æ¥áá®à; ¬−®£®ï¤¥à−ë© ¯à®-
æ¥áá®à; ¬�ªà®�àå¨â¥ªâãà�; ¢¨àâã�«ì−ë© ª®−¢¥©¥à; ¤¨á¯¥âç¥à ®ç¥à¥¤¥©; ¢ë-
á®ª®áª®à®áâ−ë¥ ¯®á«¥¤®¢�â¥«ì−ë¥ ¨−â¥àä¥©áë

DOI: 10.14357/08696527140306

1 Введение

�® ¬¥à¥ à�áè¨à¥−¨ï ¯�ª¥â−ëå á¥â¥© ¤® à¥£¨®−�«ì−®£® ¨ £«®¡�«ì−®£® ¬�á-
èâ�¡� ãá«®¦−ï¥âáï ¨å â®¯®«®£¨ï, ª®¬¬ãâ¨àã¥¬ë¬ ¯�ª¥â�¬ ¯à¨å®¤¨âáï ¯®á«¥¤®-
¢�â¥«ì−® ¯à®å®¤¨âì ¢á¥ ¡®«ìè¥¥ ç¨á«® á¥â¥¢ëå ã§«®¢, çâ® ¯®à®¦¤�¥â áâà¥¬«¥−¨¥
á®ªà�â¨âì ¢à¥¬ï ¯à®¤¢¨¦¥−¨ï ¯�ª¥â®¢ ¢−ãâà¨ ®â¤¥«ì−®£® ã§«�. ‚ ¯à®è«®¬
¢¥ª¥ ®−® ¢ëà�§¨«®áì â¥−¤¥−æ¨¥© ª §�¬¥−¥ âà�¤¨æ¨®−−ëå ¯à®£à�¬¬−ëå ¬¥â®¤®¢
ª®¬¬ãâ�æ¨¨ (soft switching) �¯¯�à�â−ë¬¨ (hard forwarding). ��¨¡®«¥¥ ïàª® íâ®
áâà¥¬«¥−¨¥ ¯à®ï¢¨«�áì ¢ ¯¥à¥å®¤¥ ®â â¥å−®«®£¨¨ Frame Relay ª Asynchronous
Transfer Mode (ATM). �¯¯�à�â−�ï ª®¬¬ãâ�æ¨ï ¢ á®¢®ªã¯−®áâ¨ á ¤®áâ¨¦¥−¨ï¬¨
¬¨ªà®í«¥ªâà®−¨ª¨ ¯®§¢®«¨«� à¥�«¨§®¢�âì ¯�ª¥â−ë© ª®¬¬ãâ�â®à −� ®¤−®¬ ªà¨á-
â�««¥ ªà¥¬−¨ï [1, 2]. �¤−�ª® ¢¥ª ATM ®ª�§�«áï −¥¤®«£¨¬. �ç¥−ì áª®à®, ã¦¥
¢ ª®−æ¥ ¯à®è«®£® áâ®«¥â¨ï, ¯à®¤®«¦�îé�ïáï £«®¡�«¨§�æ¨ï á¥â¥© ¨ áâà¥¬¨â¥«ì-
−ë© à®áâ ¢ −¨å ç¨á«� �¡®−¥−â®¢ áâ�«¨ ¢ë¤¢¨£�âì −� ¯¥à¥¤−¨© ¯«�− âà¥¡®¢�−¨ï
®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ á¥âïå |

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VEgorov@ipiran.ru
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‘®¢à¥¬¥−−ë¥ â¥−¤¥−æ¨¨ ¢ à�§¢¨â¨¨ �àå¨â¥ªâãà ¨−â¥£à¨à®¢�−−ëå á¥â¥¢ëå ¯à®æ¥áá®à®¢

á¢®©áâ¢, à¥�«¨§�æ¨ï ª®â®àëå ®á−®¢ë¢�¥âáï −� ª®¬¯«¥ªá�å á«®¦−ëå, ¯®áâ®ï−−®
á®¢¥àè¥−áâ¢ãîé¨åáï ¯à®â®ª®«®¢. �¥®¡å®¤¨¬®áâì ¯®¤¤¥à¦ª¨ ¢ á®¢à¥¬¥−−ëå
á¥âïå ¬−®¦¥áâ¢� à�§−®®¡à�§−ëå ¨ ¯®áâ®ï−−® ®¡−®¢«ï¥¬ëå ¯à®â®ª®«®¢ á¤¢¨−ã«�
¯à¨®à¨â¥âë ¢ à¥�«¨§�æ¨¨ ã§«®¢ ¯�ª¥â−ëå á¥â¥© ¢ áâ®à®−ã ¯à®£à�¬¬¨àã¥¬ëå
ãáâà®©áâ¢. �à¨ íâ®¬ ¨å ¯à®¨§¢®¤¨â¥«¨ −¥ å®â¥«¨ ®âª�§ë¢�âìáï ®â ¯à¥¨¬ãé¥áâ¢
®¤−®ªà¨áâ�«ì−®© à¥�«¨§�æ¨¨, çâ® §�áâ�¢¨«® ¬¨ªà®í«¥ªâà®−−ë¥ ä¨à¬ë ¨áª�âì
¯à¨−æ¨¯¨�«ì−® −®¢®¥ à¥è¥−¨¥, ª®â®à®¥ ¡ë«® −�©¤¥−® ¢ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå
ˆ‘�, à¥�«¨§ã¥¬ëå ª�ª ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë −� ªà¨áâ�««¥. ˆ−â¥««¥ªâ â�-
ª¨å á¨áâ¥¬ ®¡¥á¯¥ç¨¢�¥âáï ¯à®£à�¬¬¨àã¥¬ë¬¨ ¬−®£®ï¤¥à−ë¬¨ ¯à®æ¥áá®à�¬¨, �
¢ëá®ª�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ¤®áâ¨£�¥âáï §� áç¥â ¡®«ìè®£® ç¨á«� ã−¨¢¥àá�«ì−ëå
¯à®æ¥áá®à−ëå ï¤¥à, ç¨á«® ª®â®àëå ¬®¦¥â ¨áç¨á«ïâìáï ¤¥áïâª�¬¨ [3{5], ¨ ¤®-
¯®«−¨â¥«ì−ëå á¯¥æ¨�«¨§¨à®¢�−−ëå äã−ªæ¨®−�«ì−ëå ¡«®ª®¢, ª�ª ®£à�−¨ç¥−−®
¯à®£à�¬¬¨àã¥¬ëå, â�ª ¨ ç¨áâ® �¯¯�à�â−ëå [6].

2 Макроархитектура интегрированного сетового процессора

•®à®è¥© ¨««îáâà�æ¨¥© á®¢à¥¬¥−−ëå â¥−¤¥−æ¨© ¢ à�§¢¨â¨¨ �àå¨â¥ªâãà ˆ‘�
¬®¦¥â á«ã¦¨âì �−®−á¨à®¢�−−�ï ¢ 2012 £. ª®¬¯�−¨¥© Freescale Semiconductor
¬�ªà®�àå¨â¥ªâãà� Layerscape [7, 8], ®−� ¯®ª�§�−� −� à¨á. 1.

ƒ«�¢−®¥ ¤®áâ®¨−áâ¢® íâ®© ¬�ªà®�àå¨â¥ªâãàë §�ª«îç�¥âáï ¢ ¥¥ áãé¥áâ¢¥−−®©
−¥§�¢¨á¨¬®áâ¨ ®â á¨áâ¥¬ë ¨−áâàãªæ¨© ISA (instruction set architecture) ¯à®æ¥á-
á®à−ëå ï¤¥à ¨ äã−ªæ¨®−�«ì−ëå ®á®¡¥−−®áâ¥© á¯¥æ¨�«¨§¨à®¢�−−ëå ¡«®ª®¢ ¨
�¯¯�à�â−ëå ãáª®à¨â¥«¥©. ‘ â®çª¨ §à¥−¨ï ¯à®£à�¬¬¨àã¥¬®áâ¨ ¢ ¬�ªà®�àå¨â¥ª-
âãà¥ Layerscape ¢ë¤¥«ïîâáï âà¨ ãà®¢−ï:

(1) ã−¨¢¥àá�«ì−®© ®¡à�¡®âª¨ GPPL (general-purpose processing layer);

(2) ãáª®à¥−−®© ®¡à�¡®âª¨ ¯�ª¥â®¢ APPL (accelerated packet processing layer);

(3) úªãàì¥àáª®£®û ¢¢®¤�{¢ë¢®¤� ¯�ª¥â®¢ EPIL (express packet input/output
(I/O) layer).

‘¢®¡®¤−® ¯à®£à�¬¬¨àã¥¬ë© ãà®¢¥−ì GPPL ¢ª«îç�¥â ¯à®¨§¢®«ì−®¥ ¬−®-
¦¥áâ¢® ¯à®æ¥áá®à−ëå ï¤¥à á «î¡®© ISA, ¯®¤á¨áâ¥¬ã ¯�¬ïâ¨ ¨§ −¥áª®«ìª¨å
ªíè¥© ¤¢ãå{âà¥å ãà®¢−¥© ¨ ª®−âà®««¥à®¢ ¢−¥è−¥© ®¯¥à�â¨¢−®© ¯�¬ïâ¨, � â�ª-
¦¥ ª®£¥à¥−â−ãî ª®¬¬ãâ�æ¨®−−ãî áâàãªâãàã, ®¡¥á¯¥ç¨¢�îéãî ¡¥áª®−ä«¨ªâ−ë©
âà�ä¨ª ¬¥¦¤ã ¯à®æ¥áá®à−ë¬¨ ï¤à�¬¨ ¨ ¯®¤á¨áâ¥¬®© ¯�¬ïâ¨ á ¯®¤¤¥à¦ª®© ª®£¥-
à¥−â−®áâ¨ ªíè¥©. �®¬¨−�«ì−�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ª®−ªà¥â−®© ª®−ä¨£ãà�æ¨¨
ãà®¢−ï GPPL ®¯à¥¤¥«ï¥âáï ç¨á«®¬ ï¤¥à ¨ ª®−âà®««¥à®¢ ¯�¬ïâ¨ ¯à¨ á®®â¢¥â-
áâ¢ãîé¥© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª®¬¬ãâ�æ¨®−−®© áâàãªâãàë. ”�ªâ¨ç¥áª�ï
¯à®¨§¢®¤¨â¥«ì−®áâì ãà®¢−ï ¢ ®¡é¥¬ á«ãç�¥ á¨«ì−® §�¢¨á¨â ®â ¢®§¬®¦−®áâ¥© £¨-
¯¥à¢¨§®à� ¨ íää¥ªâ¨¢−®áâ¨ ¯®¤¤¥à¦ª¨ ¨¬¥îé¨¬¨áï ®¯¥à�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨
(�‘) á¨¬¬¥âà¨ç−®© ¬−®£®¯à®æ¥áá®à−®áâ¨ (‘Œ�).

“à®¢¥−ì APPL, ®á−®¢−ë¬ í«¥¬¥−â®¬ ª®â®à®£® ï¢«ï¥âáï ¯�ª¥â−ë© ¯à®æ¥á-
á®à, ¬®¦¥â ¢ë¯®«−ïâì ¢á¯®¬®£�â¥«ì−ë¥ §�¤�ç¨, ¯à¨¢«¥ª�ï ¯® ¬¥à¥ −�¤®¡−®áâ¨
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÷¨á. 1 Œ�ªà®�àå¨â¥ªâãà� Layerscape

á¯¥æ¨�«¨§¨à®¢�−−ë¥ äã−ªæ¨®−�«ì−ë¥ ¡«®ª¨: è¨äà®¢�−¨ï, ª®¬¯à¥áá¨¨ ¨ ¤¥-
ª®¬¯à¥áá¨¨ ¤�−−ëå, ãáª®à¥−¨ï â�¡«¨ç−®£® ¨ ª®−â¥ªáâ−®£® ¯®¨áª�, ¡�«�−á¨à®¢ª¨
§�£àã§ª¨ ¨ ¤à. “à®¢¥−ì APPL −¥ â®«ìª® á−¨¬�¥â ç�áâì −�£àã§ª¨ á ãà®¢−ï
GPPL, −® â�ª¦¥ á¯®á®¡¥− á�¬®áâ®ïâ¥«ì−® ®áãé¥áâ¢«ïâì ¬�−¨¯ã«ïæ¨¨ á ¯�ª¥-
â�¬¨ ¯® â¨¯®¢ë¬ �«£®à¨â¬�¬, −�¯à¨¬¥à ª®¬¬ãâ�æ¨î −� ª�−�«ì−®¬ ¨ á¥â¥¢®¬
ãà®¢−ïå. Š®¬¯®−¥−âë APPL ¬®£ãâ ¯à®£à�¬¬¨à®¢�âìáï ¯®«ì§®¢�â¥«¥¬, ¢ â®¬
ç¨á«¥ áâàãªâãà−ë¬ ¯à®£à�¬¬¨à®¢�−¨¥¬ −� ®á−®¢¥ ï§ëª� ‘¨, −® á ¨§¢¥áâ−ë-
¬¨ ®£à�−¨ç¥−¨ï¬¨, −�ª«�¤ë¢�¥¬ë¬¨ á¯¥æ¨�«¨§�æ¨¥© �¯¯�à�âãàë. ‚¥à®ïâ−®,
�‘ ¤«ï ãà®¢−ï APPL ¤®«¦−ë â�ª ¨«¨ ¨−�ç¥ ¯®¤¤¥à¦¨¢�âì �á¨¬¬¥âà¨ç−ãî
¬−®£®¯à®æ¥áá®à−®áâì (�Œ�).

Š®¬¯®−¥−âë ãà®¢−ï EPIL, ®â¢¥ç�îé¥£® §� ¢¢®¤{¢ë¢®¤, áª®à¥¥ ¯à®£à�¬-
¬−® ª®−ä¨£ãà¨àã¥¬ë, ç¥¬ ¯à®£à�¬¬¨àã¥¬ë. ��ª¥â−ë© ¨−â¥àä¥©á ¢ë¯®«−ï¥â
ª«�áá¨ä¨ª�æ¨î ¢å®¤ïé¨å ª�¤à®¢ ¨«¨ ¯�ª¥â®¢ ¨ ¯à¨−¨¬�¥â à¥è¥−¨¥ ®¡ ¨å −�-
¯à�¢«¥−¨¨ ¯® â®¬ã ¨«¨ ¨−®¬ã ¬�àèàãâã ®¡à�¡®âª¨ ¢−ãâà¨ ˆ‘� ¢ á®®â¢¥âáâ¢¨¨
á ¯à¥¤¢�à¨â¥«ì−ë¬¨ −�áâà®©ª�¬¨. �®¬¨¬® −¥£® ¢ �¯¯�à�âãàã ãà®¢−ï EPIL
¢å®¤ïâ ª®−âà®««¥àë ®á−®¢−ëå á¥â¥¢ëå ¨−â¥àä¥©á®¢, ª�ª ¯à�¢¨«®, ¢ëá®ª®áª®-
à®áâ−®£® Ethernet, ª®−âà®««¥àë á«ã¦¥¡−ëå ª®¬¬ã−¨ª�æ¨®−−ëå ¨−â¥àä¥©á®¢
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‘®¢à¥¬¥−−ë¥ â¥−¤¥−æ¨¨ ¢ à�§¢¨â¨¨ �àå¨â¥ªâãà ¨−â¥£à¨à®¢�−−ëå á¥â¥¢ëå ¯à®æ¥áá®à®¢

Interlaken ¨ SRIO (Serial Rapid I/O), � â�ª¦¥ ®¡é¥á¨áâ¥¬−ëå ¨−â¥àä¥©á®¢
PCI (Peripheral Component Interconnect) Express (PCIe), SATA (Serial Advanced
Technology Attachment) ¨ USB (Universal Serial Bus). �®áª®«ìªã ¬�ªà®�àå¨-
â¥ªâãà� ®à¨¥−â¨à®¢�−� −� ¨−â¥£à�«ì−ãî à¥�«¨§�æ¨î, ¢ æ¥«ïå íª®−®¬¨¨ ¢ë¢®¤®¢
ª®à¯ãá� ˆ‘� ¯à¥¤¯®çâ¥−¨¥ ¢ −¥© ®â¤�¥âáï ¢ëá®ª®áª®à®áâ−ë¬ ¯®á«¥¤®¢�â¥«ì−ë¬
¨−â¥àä¥©á�¬, ®¡á«ã¦¨¢�¥¬ë¬ ã−¨¢¥àá�«ì−ë¬ ¯à¥®¡à�§®¢�â¥«¥¬ SerDes (Serial-
izer/Deserializer) ¯�à�««¥«ì−ëå ª®¤®¢ ¢ ¯®á«¥¤®¢�â¥«ì−ë¥ ¨ ®¡à�â−®.

Š®−æ¥¯âã�«ì−® ¯à¨ª«�¤−®¥ ¯à®£à�¬¬¨à®¢�−¨¥ ¢ ¬�ªà®�àå¨â¥ªâãà¥ Layer-
scape ®¡à¥â�¥â −®¢®¥ ª�ç¥áâ¢® ¢á«¥¤áâ¢¨¥ −¥§�¢¨á¨¬®áâ¨ ®â ISA æ¥−âà�«ì−®£®
¯à®æ¥áá®à� ¨ ã−¨ä¨ª�æ¨¨ ¬®¤¥«¨ ¯à®£à�¬¬¨à®¢�−¨ï. ‹î¡®¥ ¯à¨«®¦¥−¨¥ ¯à¥¤-
¯®«�£�¥âáï à�¢−® ¨á¯®«−¨¬ë¬ −� à�§−ëå ¬®¤¥«ïå ˆ‘� á à�§«¨ç−ë¬¨ ISA ¨
ª®−ä¨£ãà�æ¨ï¬¨ ¯à®æ¥áá®à�: ®â ¯à®áâ¥©è¨å ®¤−®ï¤¥à−ëå á ¦¥áâª¨¬¨ ®£à�−¨ç¥-
−¨ï¬¨ ¯® ¯®âà¥¡«ï¥¬®© ¬®é−®áâ¨ ¢ ¬®¡¨«ì−ëå ¯à¨«®¦¥−¨ïå ¤® ¢ëá®ª®¯à®¨§¢®-
¤¨â¥«ì−ëå ¬−®£®ï¤¥à−ëå ¢ á¥â¥¢ëå á¥à¢¥à�å. Œ�ªà®�àå¨â¥ªâãà� ¯®¤¤¥à¦¨¢�¥â
á®¢à¥¬¥−−ë¥ ¬¥â®¤ë ¯à®£à�¬¬¨à®¢�−¨ï á ®âªàëâë¬¨ áâ�−¤�àâ�¬¨ (open standard
software programming) ¨ ãç¨âë¢�¥â ¯®á«¥¤−¨¥ ª«îç¥¢ë¥ −®¢è¥áâ¢� ¢ ¯à®¬ëè-
«¥−−®¬ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨ (��), ¢ª«îç�ï ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¥ á¥â¨
SDN (Software Defined Networks).

3 Виртуальный конвейер

Š á®¦�«¥−¨î, −� á¥£®¤−ïè−¨© ¤¥−ì ¬�ªà®�àå¨â¥ªâãà� Layerscape | áª®à¥¥
�¡áâà�ªâ−�ï ª®−æ¥¯æ¨ï, ç¥¬ àãª®¢®¤áâ¢® ª ¤¥©áâ¢¨î. ‚®¯«®é¥−¨¥ ®−� −�è«�
«¨èì ¢ −¥¡®«ìè®¬ á¥¬¥©áâ¢¥ ˆ‘� QorIQ LS [8], ¯à¨ç¥¬ ¢ á¨«ì−® ãà¥§�−−®¬ ¢¨-
¤¥: á ¬¨−¨¬�«ì−ë¬ ç¨á«®¬ ¯à®æ¥áá®à−ëå ï¤¥à −� ãà®¢−¥ GPPL ¨ ¢ëà®¦¤¥−−ë¬¨
ãà®¢−ï¬¨ APPL ¨ EPIL. �® ¯®â¥−æ¨�« ¯®¤®¡−ëå ¬�ªà®�àå¨â¥ªâãà à�áªàë«áï
ã¦¥ ¢ ¯à¥¤è¥áâ¢¥−−¨æ¥ Layerscape | ¬�ªà®�àå¨â¥ªâãà¥ ãáª®à¥−¨ï ¯ãâ¥© ¤�−−ëå
DPAA (Data Paths Acceleration Architecture) [9], à¥�«¨§®¢�−−®©, ¢ ç�áâ−®áâ¨, ¢
®¡è¨à−®¬ á¥¬¥©áâ¢¥ ˆ‘� QorIQ AMP (Advanced MultiProcessing) [10]. �¡®¡-
é¥−−�ï áâàãªâãà� ˆ‘� íâ®£® á¥¬¥©áâ¢� ¯®ª�§�−� −� à¨á. 2.

‚ á¥¬¥©áâ¢¥ ˆ‘� QorIQ AMP ãà®¢¥−ì GPPL ¬�ªà®�àå¨â¥ªâãàë Layerscape
¯à¥¤áâ�¢«¥− −¥áª®«ìª¨¬¨ ª«�áâ¥à�¬¨ ¨§ ç¥âëà¥å ¯à®æ¥áá®à−ëå ï¤¥à e6500 á ISA
PowerPC, ¯à¨ç¥¬ á¤¢®¥−−ë© ª®−¢¥©¥à ª�¦¤®£® RISC (Restricted Instruction Set
Computing) ï¤à� ¢¨àâã�«ì−® í¬ã«¨àã¥â ¤¢� ¯à®æ¥áá®à�, ¢á«¥¤áâ¢¨¥ ç¥£® íää¥ª-
â¨¢−®¥ ç¨á«® ï¤¥à ¢ ª«�áâ¥à¥ ®ª�§ë¢�¥âáï à�¢−ë¬ ¢®áì¬¨. Š«�áâ¥à á−�¡¦¥−
®¡é¨¬ ¤«ï ¢á¥å ï¤¥à ªíè¥¬ ¢â®à®£® ãà®¢−ï. Š ãà®¢−î APPL ®â−®áïâáï ¤¨á¯¥â-
ç¥àë ®ç¥à¥¤¥© ¨ ¡ãä¥à®¢, ¬¥å�−¨§¬ë â�¡«¨ç−®£® ¨ ª®−â¥ªáâ−®£® ¯®¨áª�, ¡«®ª¨
è¨äà®¢�−¨ï, ª®¬¯à¥áá¨¨ ¨ ¤¥ª®¬¯à¥áá¨¨ ¤�−−ëå. “à®¢¥−ì EPIL ¢ª«îç�¥â
¬−®¦¥áâ¢® à�§−®®¡à�§−ëå áâ�−¤�àâ−ëå ¨−â¥àä¥©á®¢ ¨ á¯¥æ¨�«¨§¨à®¢�−−ë© á¥-
â¥¢®© ¯à¥¯à®æ¥áá®à á −¥áª®«ìª¨¬¨ MAC-ª®−âà®««¥à�¬¨ Ethernet ¤«ï áª®à®áâ¥©
1 ƒ¡¨â/á (GE | Gigabit Ethernet)) ¨ 10 ƒ¡¨â/á (XGE), � â�ª¦¥ ¤¨á¯¥âç¥à
ª�¤à®¢, ¢ë¯®«−ïîé¨© äã−ªæ¨¨ ¯�ª¥â−®£® ¨−â¥àä¥©á� ¢ ¬�ªà®�àå¨â¥ªâãà¥ Lay-
erscape.
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÷¨á. 2 �¡®¡é¥−−�ï áâàãªâãà� ˆ‘� á¥¬¥©áâ¢� QorIQ AMP (DDR | Double Data
Rate; I2C | InterIntegrated Circuit; SPI | Serial Peripheral Interface; DUART |
Dual Universal Asynchronous Receiver/Transmitter; SD | Secure Digital memory card;
MMC | MultiMedia Card)

�á−®¢−®¥ ¤®áâ®¨−áâ¢® ¬�ªà®�àå¨â¥ªâãàë DPAA, ª�ª ¨ Layerscape, §�ª«îç�-
¥âáï ¢ ã¬¥−ìè¥−¨¨ −�£àã§ª¨ −� ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬ë, â. ¥. −� ãà®¢¥−ì GPPL
Layerscape, §� áç¥â ú�¢â®¬�â¨ç¥áª®£®û ¯®¤ª«îç¥−¨ï ª ¯à®æ¥ááã ®¡à�¡®âª¨ ª�¤à®¢
¨ ¯�ª¥â®¢ �¯¯�à�â−ëå ¡«®ª®¢ ãà®¢−ï APPL. ’�ª®¥ ¯®¤ª«îç¥−¨¥ ®áãé¥áâ¢«ï¥â-
áï âà¥¬ï ¢áâà®¥−−ë¬¨ ¢ ˆ‘� ¤¨á¯¥âç¥à�¬¨: ª�¤à®¢, ¡ãä¥à®¢ ¨ ®ç¥à¥¤¥©.
„¨á¯¥âç¥à ª�¤à®¢ −¥¯®áà¥¤áâ¢¥−−® ¯®á«¥ ¯à¨¥¬� ¨ ¡ãä¥à¨§�æ¨¨ ª«�áá¨ä¨æ¨àã-
¥â ®ç¥à¥¤−®© ª�¤à ¨ ú¯à®¯¨áë¢�¥âû ¥¬ã −¥ª¨© ¬�àèàãâ ®¡à�¡®âª¨ ¢−ãâà¨ ˆ‘�,
ª®â®àë© ¬®¦¥â §�¤¥©áâ¢®¢�âì â¥ ¨«¨ ¨−ë¥ ¡«®ª¨ ãà®¢−¥© GPPL ¨ APPL (íâ¨
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¡«®ª¨ −� à¨á. 2 ®â¬¥ç¥−ë úá¥âç�â®©û èâà¨å®¢ª®© ¨ ®¡¢¥¤¥−ë èâà¨å¯ã−ªâ¨à®¬).
�à®å®¦¤¥−¨¥ ¯�ª¥â� ¯® −�§−�ç¥−−®¬ã ¬�àèàãâã ª®−âà®«¨àã¥âáï ¤¨á¯¥âç¥à®¬
®ç¥à¥¤¥©. �¤−¨ ¬�àèàãâë, âà¥¡ãîé¨¥ á¯¥æ¨ä¨ç¥áª®© ®¡à�¡®âª¨ ¯à¨ª«�¤−ë¬¨
¯à®£à�¬¬�¬¨, ¢ª«îç�îâ ã−¨¢¥àá�«ì−ë¥ ¯à®æ¥áá®à−ë¥ ï¤à�; ¤àã£¨¥, á¢®©áâ¢¥−-
−ë¥ â¨¯®¢ë¬ äã−ªæ¨ï¬ ®¡à�¡®âª¨ ¯�ª¥â®¢ ¨ æ¥«¨ª®¬ à¥�«¨§ã¥¬ë¥ −� ãà®¢−¥
APPL, −�¯à¨¬¥à ª®¬¬ãâ�æ¨ï ª�¤à®¢, ¬®£ãâ ¢®®¡é¥ −¥ §�âà�£¨¢�âì ¯à®æ¥áá®à.
�«�£®¤�àï �¢â®¬�â¨ç¥áª®¬ã £«ã¡®ª®¬ã ¡ãä¥à¨à®¢�−¨î ¯�ª¥â®¢ ¨ −�«¨ç¨î ¯à®-
£à�¬¬¨àã¥¬®£® ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯à¨¬¥−ïâì ¢−ãâà¨
ˆ‘� ®¡é¥¯à¨−ïâë¥ ¬¥å�−¨§¬ë ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¨ ¡�«�−á¨-
à®¢ª¨ §�£àã§ª¨ ª®¬¯®−¥−â®¢ DPAA.

”�ªâ¨ç¥áª¨ ¢−ãâà¨ ˆ‘� ®à£�−¨§ã¥âáï −¥ª¨© ¢¨àâã�«ì−ë© ª®−¢¥©¥à á® á¯¥-
æ¨�«¨§¨à®¢�−−ë¬¨ à�¡®ç¨¬¨ ¬¥áâ�¬¨, ¤�¦¥ −¥áª®«ìª® â�ª¨å ª®−¢¥©¥à®¢ á®®â¢¥â-
áâ¢¥−−® ¯à®¯¨á�−−ë¬ ¬�àèàãâ�¬ ®¡à�¡®âª¨. Œ¥â®¤®«®£¨ç¥áª¨© ¢§£«ï¤ −� â�ª®£®
à®¤� ¯�ª¥â−ãî ®¡à�¡®âªã ¢−ãâà¨ ˆ‘� ª�ª −� ¢¨àâã�«ì−ë© ª®−¢¥©¥à ¯à¥¤«®¦¨«�
ª®¬¯�−¨ï LSI ¢ á¢®¨å −®¢¥©è¨å ¯®¤á¥¬¥©áâ¢�å AXE 4500 ¨ AXM 5500 á¥¬¥©-
áâ¢� ˆ‘� Axxia [11]. ‘âàãªâãà� ˆ‘� AXE 5500 ª�ç¥áâ¢¥−−® −¥ ®â«¨ç�¥âáï ®â

÷¨á. 3 ‚¨àâã�«ì−ë© ª®−¢¥©¥à ¢ ˆ‘� ¯®¤á¥¬¥©áâ¢� Axxia AXM 5500 (FE | fast
Ethernet)
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áâàãªâãàë ˆ‘� QorIQ AMP §� ¨áª«îç¥−¨¥¬ ISA ¯à®æ¥áá®à�, � ª®«¨ç¥áâ¢¥−−ë¥
à�§«¨ç¨ï ¬®£ãâ ª�á�âìáï ç¨á«� ª«�áâ¥à®¢ ï¤¥à ¨«¨ ¬¥å�−¨§¬®¢ ®¡à�¡®âª¨ ¯�ª¥â®¢
PPE (Packet Processing Engines) ¢ ¯�ª¥â−®¬ ¯à®æ¥áá®à¥. ‚ ¢¨àâã�«ì−®¬ ª®−-
¢¥©¥à¥ §�¤¥©áâ¢ãîâáï â¥ ¦¥ á�¬ë¥ ¡«®ª¨, çâ® ¨ ¢ ¬�ªà®�àå¨â¥ªâãà¥ DPAA. ��
à¨á. 3, ¯®ª�§ë¢�îé¥¬ ®à£�−¨§�æ¨î ¢¨àâã�«ì−®£® ª®−¢¥©¥à� ˆ‘� AXE 5500,
íâ®â ä�ªâ ¯®¤ç¥àª¨¢�¥âáï â®© ¦¥ ¨å èâà¨å®¢ª®© íâ¨å ¡«®ª®¢, ª�ª ¨ −� à¨á. 2.
Š á®¦�«¥−¨î, LSI −¥ à�áªàë¢�¥â ¯à�ªâ¨ç¥áª¨¥ ¬¥å�−¨§¬ë à¥�«¨§�æ¨¨ á¢®¥£®
¢¨àâã�«ì−®£® ª®−¢¥©¥à�, −® ¢àï¤ «¨ ®−¨ áãé¥áâ¢¥−−® ®â«¨ç�îâáï ®â ¬¥å�−¨§¬®¢,
¨á¯®«ì§®¢�−−ëå ª®¬¯�−¨¥© Freescale ¢ DPAA.

4 Диспетчер очередей

‚ ª®−æ¥¯æ¨¨ ¬�ªà®�àå¨â¥ªâãàë DPAA (¨, ¢¥à®ïâ−®, ¢ à¥�«¨§�æ¨¨ ¢¨à-
âã�«ì−®£® ª®−¢¥©¥à�) ¢�¦−�ï à®«ì ®â¢®¤¨âáï ¤¨á¯¥âç¥àã ®ç¥à¥¤¥©. �â� à®«ì
®¯à¥¤¥«ï¥âáï ¤¢ã¬ï ¢§�¨¬®á¢ï§�−−ë¬¨ ¯à¨ç¨−�¬¨: −¥®¡å®¤¨¬®áâìî á®¡áâ¢¥−−®
¤¨á¯¥âç¥à¨§�æ¨¨ ®ç¥à¥¤¥© ¯�ª¥â®¢ −� ®¡á«ã¦¨¢�−¨¥ ª à�§«¨ç−ë¬ ¬�ªà®�àå¨-
â¥ªâãà−ë¬ ª®¬¯®−¥−â�¬ ˆ‘� ¨ ®¡¥á¯¥ç¥−¨¥¬ ª�ç¥áâ¢� íâ®£® ®¡á«ã¦¨¢�−¨ï
¢ ¯à®æ¥áá¥ ¤¨á¯¥âç¥à¨§�æ¨¨. �®«ì§� á¯¥æ¨�«ì−®£® ¢ë¤¥«¥−−®£® ¤¨á¯¥âç¥à� ïàª®
¯à®ï¢«ï¥âáï, ¢ ç�áâ−®áâ¨, ¢ ã¯à�¢«¥−¨¨ ¬−®£®¢å®¤®¢ë¬¨ ®ç¥à¥¤ï¬¨, â¨¯¨ç−ë¬
¯à¨¬¥à®¬ ª®â®àëå ¬®£ãâ á«ã¦¨âì ®ç¥à¥¤¨ ¯�ª¥â®¢ ª ¢ëå®¤−ë¬ á¥â¥¢ë¬ ¯®à-
â�¬. Š®«¨ç¥áâ¢® â�ª¨å ®ç¥à¥¤¥© ¢ ˆ‘� à�¢−® ¯à®¨§¢¥¤¥−¨î ç¨á«� ¯®àâ®¢ −�
ª®«¨ç¥áâ¢® ãáâ�−®¢«¥−−ëå ãà®¢−¥© ¯à¨®à¨â¥â� ¨áå®¤ïé¨å ¯�ª¥â®¢.

�ãáâì ¢ −¥ª®â®àãî ®ç¥à¥¤ì Q ¢ «î¡®© ¬®¬¥−â ¬®¦¥â ¡ëâì ¢áâ�¢«¥− ¯�ª¥â
¨§ −¥áª®«ìª¨å ¨áâ®ç−¨ª®¢. ��¯à¨¬¥à, ¯«®áª®áâì ¤�−−ëå ¬®¦¥â ¯®áâ�¢«ïâì
ª®¬¬ãâ¨àã¥¬ë¥ ¯�ª¥âë ¨§ ¢å®¤−ëå ¯®àâ®¢ «¨¡® §�è¨äà®¢�−−ë¥ ¯�ª¥âë ¨§
¡«®ª� è¨äà®¢�−¨ï, � ¯«®áª®áâì ã¯à�¢«¥−¨ï | ¯®à®¦¤¥−−ë¥ ¢−ãâà¨ ˆ‘�
¯�ª¥âë ¯à®â®ª®«� ¬�àèàãâ¨§�æ¨¨. ’�ª¨¬ ®¡à�§®¬, ¨áâ®ç−¨ª�¬¨ ¯�ª¥â®¢ ¢ ®¤−ã
¨ âã ¦¥ ¬−®£®¢å®¤®¢ãî ®ç¥à¥¤ì ¬®£ãâ á«ã¦¨âì à�§«¨ç−ë¥ ¯«®áª®áâ¨ á¥à¢¨á®¢
¨ ä¨§¨ç¥áª¨ à�§−ë¥ ¡«®ª¨ ˆ‘�, ¯à®æ¥áá®à−ë¥ ï¤à� ¨ �¯¯�à�â−ë¥ ãáª®à¨â¥«¨.
�à¨¬¥à ¬−®£®¢å®¤®¢®© ®ç¥à¥¤¨ Q ¯à¨¢¥¤¥− −� à¨á. 4, £¤¥ ¯à¥¤¯®«�£�¥âáï, çâ®
¯�ª¥âë, ¯à¥¤¢�à¨â¥«ì−® ¡ãä¥à¨à®¢�−−ë¥ ¢ ¯�¬ïâ¨ ¢å®¤−ë¬¨ ¯®àâ�¬¨ ˆ‘�
á ãç�áâ¨¥¬ ¤¨á¯¥âç¥à� ¡ãä¥à®¢, ¯à¥¤áâ�¢«¥−ë ¢ ®ç¥à¥¤¨ á¢®¨¬¨ ®¯¨á�â¥«ï¬¨,
ª®â®àë¥ ¬®£ãâ á®¤¥à¦�âì �¤à¥á ¡ãä¥à�, ¤«¨−ã ¯�ª¥â� ¨ ¤àã£¨¥ ¯�à�¬¥âàë.

�®áª®«ìªã ¢ ®¡é¥¬ á«ãç�¥ ¢á¥ ¯®áâ�¢é¨ª¨ ¯�ª¥â®¢ ¢ ®ç¥à¥¤ì Q −¥§�¢¨á¨-
¬ë, ¯à¨−æ¨¯¨�«ì−® áãé¥áâ¢ã¥â ¢¥à®ïâ−®áâì ¯®¯ëâª¨ ¢−¥áâ¨ í«¥¬¥−â ¢ ®ç¥à¥¤ì
®¤−®¢à¥¬¥−−® ¤¢ã¬ï ¨ ¡®«¥¥ ¯®áâ�¢é¨ª�¬¨, çâ® ¯à¨¢®¤¨â ª ª®−ä«¨ªâã ¬¥¦¤ã
−¨¬¨. �â®â ª®−ä«¨ªâ −¥ ¬®¦¥â ¡ëâì à�§à¥è¥− −� ¯à¨®à¨â¥â−®© ®á−®¢¥, â�ª ª�ª
¢á¥ ¢−®á¨¬ë¥ ¢ ®¤−ã ®ç¥à¥¤ì ¯�ª¥âë à�¢−®¯à¨®à¨â¥â−ë. ÷�§à¥è¥−¨¥ ª®−ä«¨ªâ�
âà�¤¨æ¨®−−ë¬¨ ¬¥â®¤�¬¨ ã¯à�¢«¥−¨ï ¤®áâã¯®¬ ª à�§¤¥«ï¥¬®¬ã à¥áãàáã, ª�ª®-
¢ë¬ ï¢«ï¥âáï ®ç¥à¥¤ì Q, −�¯à¨¬¥à ¬¥å�−¨§¬®¬ á¥¬�ä®à®¢, −¥ à¥è�¥â ¯à®¡«¥¬ã
¯¥à¢¥−áâ¢� ¨ ¢¥¤¥â ¢ «ãçè¥¬ á«ãç�¥ ª á−¨¦¥−¨î ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨§-§�
¯à®áâ®ï −� á¥¬�ä®à�å, � ¢ åã¤è¥¬ | ª −¥à�§à¥è¨¬ë¬ ¡«®ª¨à®¢ª�¬ (deadlocks),
¯®«−®áâìî ¯�à�«¨§ãîé¨¬ à�¡®âã ãáâà®©áâ¢�.
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÷¨á. 4 �à¨¬¥à ¬−®£®¢å®¤®¢®© ®ç¥à¥¤¨

’¨¯¨ç−ë© ¬¥å�−¨§¬ ¢®§−¨ª−®¢¥−¨ï −¥à�§à¥è¨¬®© ¡«®ª¨à®¢ª¨ −� á¥¬�ä®à¥
¨««îáâà¨àã¥âáï á«¥¤ãîé¨¬ ¯à¨¬¥à®¬. �ãáâì −¥ª�ï ¢ëá®ª®¯à¨®à¨â¥â−�ï ¯à®-
£à�¬¬�PH ¯à¥àë¢�¥â −¥ªãî −¨§ª®¯à¨®à¨â¥â−ãî ¯à®£à�¬¬ã PL, ª®£¤� ¯®á«¥¤−ïï
−�å®¤¨âáï ¢ ¯à®æ¥áá¥ ¢−¥á¥−¨ï í«¥¬¥−â� ¢ ®ç¥à¥¤ì Q ¨ −� ¬®¬¥−â ¯à¥àë¢�−¨ï
®ç¥à¥¤−®© í«¥¬¥−â ¢−¥á¥− ¯à®£à�¬¬®© PL «¨èì ç�áâ¨ç−®. „�«¥¥, ¯ãáâì ¯à®£à�¬-
¬¥ PH â�ª¦¥ âà¥¡ã¥âáï ¢−¥áâ¨ í«¥¬¥−â ¢ âã ¦¥ ®ç¥à¥¤ì Q. �ç¥¢¨¤−®, ®−� −¥
á¬®¦¥â íâ®£® á¤¥«�âì, −¥ −�àãè¨¢ áâàãªâãàã ®ç¥à¥¤¨, ¯®íâ®¬ã ®ç¥à¥¤ì Q ª�ª
à�§¤¥«¥−−ë© à¥áãàá ¤®«¦−� ¡ëâì −¥¤®áâã¯−� ¯à®£à�¬¬¥ PH , −�¯à¨¬¥à, ¨§-§�
¡«®ª¨àãîé¥£® ¤®áâã¯ ª ®ç¥à¥¤¨ Q á¥¬�ä®à�, ãáâ�−®¢«¥−−®£® ¯à®£à�¬¬®© PL.
�® ¯à®£à�¬¬� PL −¥ ¢ á®áâ®ï−¨¨ §�¢¥àè¨âì ¯à®æ¥áá ¢−¥á¥−¨ï á¢®¥£® í«¥¬¥−-
â� ¢ ®ç¥à¥¤ì Q ¨ ®âªàëâì á¥¬�ä®à, ¯®áª®«ìªã ¢ á¢®î ®ç¥à¥¤ì §�¡«®ª¨à®¢�−�
¯à¥à¢�¢è¥© ¥¥ ¯à®£à�¬¬®© PH .

�à®¡«¥¬� à¥è�¥âáï à�§¤¥«¥−¨¥¬ ¬−®£®¢å®¤®¢®© ®ç¥à¥¤¨Q áK ¢å®¤�¬¨ −�K
®¤−®¢å®¤®¢ëå ®ç¥à¥¤¥© Qk (k = 1, . . . ,K) ¨ ¯¥à¥¤�ç¥© äã−ªæ¨¨ ®¡ê¥¤¨−¥−¨ï
¢á¥å ®ç¥à¥¤¥© Qk ¢ ®¤−ã ®ç¥à¥¤ì Q ¤¨á¯¥âç¥àã ®ç¥à¥¤¥©, ª�ª ¯®ª�§�−® −� à¨á. 5.

÷¨á. 5 �¡ê¥¤¨−¥−¨¥ −¥áª®«ìª¨å ®ç¥à¥¤¥© ¢ ®¤−ã ¤¨á¯¥âç¥à®¬ ®ç¥à¥¤¥©
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�®¬¨¬® à¥è¥−¨ï ¯à®¡«¥¬ë −¥à�§à¥è¨¬ëå ¡«®ª¨à®¢®ª −� ¢å®¤�å ¬−®£®¢å®-
¤®¢ëå ®ç¥à¥¤¥© á¯¥æ¨�«¨§¨à®¢�−−ë© ¤¨á¯¥âç¥à ¬®¦¥â ®¡¥á¯¥ç¨âì ¢ë¯®«−¥−¨¥
âà¥¡®¢�−¨© ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¤¨ää¥à¥−æ¨à®¢�−−® ¤«ï à�§«¨ç−ëå ¯®â®ª®¢
¯�ª¥â®¢ ¢−ãâà¨ ˆ‘�. �à¨ íâ®¬ ¬®£ãâ à¥�«¨§®¢ë¢�âìáï â�ª¨¥ ®¡é¥¯à¨−ïâë¥
�«£®à¨â¬ë, ª�ª ¯®«¨á¨−£ −� ¢å®¤�å ¢á¥å ®ç¥à¥¤¥© á® á«ãç�©−ë¬ à�−−¨¬ ®â-
¡à�áë¢�−¨¥¬ RED (Random Early Discard) ¨§¡ëâ®ç−ëå ¯�ª¥â®¢, ¢§¢¥è¥−−ë©
ªàã£®¢®© ¢ë¡®à WRR (Weighted Round Robin) ¯�ª¥â®¢ −� ¢ëå®¤�å ®ç¥à¥¤¥© Qk

¨ è¥©¯¨−£ ¯®â®ª� −� ¢ëå®¤¥ ®ç¥à¥¤¨ Q.

5 Специализация кластеров процессорных ядер

Š�ª ¢¨¤−® ¨§ à¨á. 2 ¨ 3, −�à�é¨¢�−¨¥ ç¨á«� ¯à®æ¥áá®à−ëå ï¤¥à ¢ à¥�«ì−ëå
ˆ‘� á®¯à®¢®¦¤�¥âáï ¨å ª«�áâ¥à¨§�æ¨¥©, ª®â®à�ï ¤�¥â ¢®§¬®¦−®áâì á®ªà�â¨âì
ª®«¨ç¥áâ¢® ªíè¥© ¢â®à®£® ãà®¢−ï ¨, ª�ª á«¥¤áâ¢¨¥, �¡®−¥−â®¢ ª®£¥à¥−â−®© ª®¬-
¬ãâ�æ¨®−−®© áâàãªâãàë. �®, á ¤àã£®© áâ®à®−ë, à�§¤¥«ï¥¬ë© ¢á¥¬¨ ï¤à�¬¨
ª«�áâ¥à� ªíè L2 ¡ã¤¥â íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âìáï â®«ìª® ¯à¨ ®¡é¥¬ ¤«ï ¢á¥å
ï¤¥à �� ¨ áãé¥áâ¢¥−−® ®¡é¨å ¨á¯®«ì§ã¥¬ëå ¤�−−ëå, â. ¥. ¢ ª®−¥ç−®¬ áç¥â¥
¯à¨ äã−ªæ¨®−�«ì−®© á¯¥æ¨�«¨§�æ¨¨ ª«�áâ¥à®¢. ’�ª�ï á¯¥æ¨�«¨§�æ¨ï −� ª«�á-
â¥à−®¬ ãà®¢−¥ −¥ ¯à®â¨¢®à¥ç¨â −¨ ¬�ªà®�àå¨â¥ªâãà�¬ DPAA ¨ Layerscape, −¨
ª®−æ¥¯æ¨¨ ¢¨àâã�«ì−®£® ª®−¢¥©¥à�. ‘ ãç¥â®¬ à¥è�¥¬ëå ˆ‘� §�¤�ç ¢®§¬®¦−ë
¤¢� ¯®¤å®¤� ª ®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¢−ãâà¨ äã−ªæ¨®−�«ì−®
á¯¥æ¨�«¨§¨à®¢�−−®£® ª«�áâ¥à� ¯à®æ¥áá®à−ëå ï¤¥à.

�¥à¢ë© ¯®¤å®¤, ãá¯¥è−® ¯à¨¬¥−ï¥¬ë© ¢ ã−¨¢¥àá�«ì−ëå ¬−®£®ï¤¥à−ëå ¯à®-
æ¥áá®à�å, ®á−®¢ë¢�¥âáï −� âà�¤¨æ¨®−−®© ‘Œ� ¯à¨ ¬®é−®© ®¡é¥© ¤«ï ¢á¥å
ï¤¥à ¬−®£®§�¤�ç−®© ¨/¨«¨ ¬−®£®¯®â®ç−®© �‘ (�‘ à¥�«ì−®£® ¢à¥¬¥−¨ (÷‚)).
�ç¥¢¨¤−®¥ ¤®áâ®¨−áâ¢® ¤�−−®£® ¯®¤å®¤� §�ª«îç�¥âáï ¢ ¥£® �¯à®¡¨à®¢�−−®áâ¨,
� áãé¥áâ¢¥−−ë© −¥¤®áâ�â®ª | ¢ ¡®«ìè¨å ¨ âàã¤−® ¯à¥¤áª�§ã¥¬ëå −�ª«�¤−ëå
à�áå®¤�å �‘ −� ¯¥à¥ª«îç¥−¨¥ §�¤�ç ¨ ¯¥à¥¤�çã ¨å ¤àã£¨¬ ï¤à�¬, §�¬¥â−® á−¨¦�-
îé¨å ®¡éãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¯à®æ¥áá®à� ¨ «¨è�îé¨å ¢¥áì ¢ëç¨á«¨â¥«ì−ë©
¯à®æ¥áá ¤¥â¥à¬¨−¨§¬�.

‚â®à®© ¯®¤å®¤, ãç¨âë¢�îé¨© á¯¥æ¨ä¨ªã ˆ‘�, ¯à¥¤¯®«�£�¥â −¥§�¢¨á¨¬ãî
à�¡®âã ï¤¥à ª«�áâ¥à�. ‚á¥ ï¤à� à¥è�îâ ¢ æ¥«®¬ ®¤−ã ¨ âã ¦¥ §�¤�çã ®¤−¨¬
¨ â¥¬ ¦¥ ¯à¨ª«�¤−ë¬ �� á ®¡é¨¬¨ ¡�§�¬¨ ¤�−−ëå, −® ª�¦¤®¥ ï¤à® à¥è�¥â
¥¥ ®â −�ç�«� ¤® ª®−æ� á® á¢®¨¬ ª®¬¯«¥ªâ®¬ â¥ªãé¨å ¯¥à¥¬¥−−ëå. �à¨ íâ®¬
¤¨á¯¥âç¥à¨§�æ¨ï §�¤�−¨© ¬¥¦¤ã ï¤à�¬¨ ª«�áâ¥à� ¬®¦¥â ¡ëâì �¯¯�à�â−®©, çâ®
¤¥«�¥â ¢®®¡é¥ −¥®¡ï§�â¥«ì−ë¬ −�«¨ç¨¥ ¢ ª«�áâ¥à¥ ª�ª®©-«¨¡® �‘, � ®âáãâáâ¢¨¥
¯¥à¥á¥ç¥−¨© ¯® â¥ªãé¨¬ ¯¥à¥¬¥−−ë¬ ¨áª«îç�¥â −¥®¡å®¤¨¬®áâì ¢ ¯®¤¤¥à¦�−¨¨
ª®£¥à¥−â−®áâ¨ ªíè¥© L2. •®à®è¨¬ ¯à¨¬¥à®¬ ¯à¨¬¥−¥−¨ï â�ª®£® ¯®¤å®¤� ¬®¦¥â
áâ�âì ¯®ª�§�−−ë© −� à¨á. 6 ª«�áâ¥à ª«�áá¨ä¨ª�æ¨¨ ¢å®¤ïé¨å ¯�ª¥â®¢.

�¯¯�à�â−�ï ®ç¥à¥¤ì F «®£¨ç¥áª¨ ¯à¥¤áâ�¢«ï¥â á®¡®© £®«®¢ã ®ç¥à¥¤¨ −�
ª«�áá¨ä¨ª�æ¨î ¯�ª¥â®¢, á®§¤�¢�¥¬®© ¤¨á¯¥âç¥à®¬ ®ç¥à¥¤¥©, � ä¨§¨ç¥áª¨ |
âà¨¢¨�«ì−®¥ FIFO (First In, First Out) á ¨−¤¨ª�â®à�¬¨ ¥£® −¥¯ãáâ®âë ¨ −¥-
¯®«−®âë. ‘âàãªâãà� í«¥¬¥−â� ®ç¥à¥¤¨ F , â. ¥. ®¯¨á�â¥«ï ¯�ª¥â�, ¢ ®á−®¢−®¬
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÷¨á. 6 �à¨¬¥à ®à£�−¨§�æ¨¨ ª«�áâ¥à� ª«�áá¨ä¨ª�æ¨¨ ¯�ª¥â®¢

â� ¦¥, çâ® ¨ −� à¨á. 5. �®ª� ®ç¥à¥¤ì −¥ ¯®«−�, ¤¨á¯¥âç¥à ®ç¥à¥¤¥© ¨¬¥¥â
¢®§¬®¦−®áâì ¤®¡�¢«ïâì ¢ −¥¥ −®¢ë¥ í«¥¬¥−âë. …á«¨ ®ç¥à¥¤ì −¥ ¯ãáâ�, â® ¤¨á-
¯¥âç¥à §�¤�−¨© ª«�áâ¥à�, à®«ì ª®â®à®£® ¢ ¯à®áâ¥©è¥¬ á«ãç�¥ ¬®¦¥â ¨á¯®«−ïâì
ª®−âà®««¥à ¯à¥àë¢�−¨©, ¤�¥â ª®¬�−¤ã (¯à¥àë¢�−¨¥) á¢®¡®¤−®¬ã ¯à®æ¥áá®à−®¬ã
ï¤àã −� ¨§¢«¥ç¥−¨¥ ¨§ ®ç¥à¥¤¨ F ®¯¨á�â¥«ï, ¯®á«¥ ç¥£® ï¤à® ¬®¦¥â ¯à¨áâã¯¨âì
ª ª«�áá¨ä¨ª�æ¨¨ ¡ãä¥à¨à®¢�−−®£® ¯�ª¥â�, −� ª®â®àë© ááë«�¥âáï íâ®â ®¯¨á�â¥«ì.
÷¥§ã«ìâ�â®¬ ª«�áá¨ä¨ª�æ¨¨, ®â¯à�¢«ï¥¬ë¬ ®¡à�â−® ¤¨á¯¥âç¥àã ®ç¥à¥¤¥©, ¡ã¤¥â
â®â ¦¥ á�¬ë© ®¯¨á�â¥«ì á ¤®¡�¢«¥−−ë¬ ¢ −¥£® ¬�àèàãâ®¬ ®¡à�¡®âª¨ ¯�ª¥â�
¢−ãâà¨ ˆ‘� ¨«¨, çâ® ä�ªâ¨ç¥áª¨ â® ¦¥ á�¬®¥, ª®−ä¨£ãà�æ¨¥© ¢¨àâã�«ì−®£®
ª®−¢¥©¥à�.

Œ�àèàãâ ¬®¦¥â ¡ëâì §�¤�− ï¢−®, ¯®¤®¡−® áâ¥ªã ¬¥â®ª MPLS (MultiProtocol
Label Switching), á¯¨áª®¬ ®ç¥à¥¤¥©, ç¥à¥§ ª®â®àë¥ ¯®á«¥¤®¢�â¥«ì−® ¤®«¦¥−
¯à®©â¨ ¤�−−ë© ¯�ª¥â. �® ¯à¨ íâ®¬ à�§¬¥àë ®¯¨á�â¥«¥© ¯�ª¥â®¢ ®ª�¦ãâáï
¯¥à¥¬¥−−ë¬¨, çâ® á®§¤�áâ −¥ã¤®¡áâ¢� á ¨å à�§¬¥é¥−¨¥¬ ¢ ®ç¥à¥¤ïå, ®á®¡¥−−®
�¯¯�à�â−ëå (â¨¯� ®ç¥à¥¤¨ F −� à¨á. 6). „«ï ä¨ªá�æ¨¨ à�§¬¥à� ¨ ä®à¬�â�
®¯¨á�â¥«ï ¬�àèàãâ ¬®¦−® §�¤�¢�âì ª®à®âª¨¬ −®¬¥à®¬, � á®®â−¥á¥−−ãî á −¨¬
¯®á«¥¤®¢�â¥«ì−®áâì ®ç¥à¥¤¥© åà�−¨âì ¢ −¥¡®«ìè®£® ®¡ê¥¬� ¬�àèàãâ−®© â�¡«¨æ¥
¢−ãâà¨ ¤¨á¯¥âç¥à� ®ç¥à¥¤¥©.

�® ¬¥à¥ à�§¢¨â¨ï à¥�«ì−ëå ˆ‘� −¥ª®â®àë¥ á¢®¡®¤−® ¯à®£à�¬¬¨àã¥¬ë¥
á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¯à®æ¥áá®à−ë¥ ª«�áâ¥àë ¬®£ãâ §�¬¥−ïâìáï äã−ªæ¨®−�«ì−®
íª¢¨¢�«¥−â−ë¬¨, −® ¡®«¥¥ ¯à®¨§¢®¤¨â¥«ì−ë¬¨ �¯¯�à�â−ë¬¨ ãáª®à¨â¥«ï¬¨. ‘ã-
é¥áâ¢¥−−®, çâ® â�ª¨¥ §�¬¥−ë −¨ª�ª −¥ ®âà�§ïâáï −� à�¡®â¥ ¤¨á¯¥âç¥à� ®ç¥à¥¤¥©
¨ äã−ªæ¨®−¨à®¢�−¨¨ ¢¨àâã�«ì−ëå ª®−¢¥©¥à®¢, � ¯à¨ £à�¬®â−® ®à£�−¨§®¢�−−ëå
¨−â¥àä¥©á�å ¯à¨ª«�¤−®£® ¯à®£à�¬¬¨à®¢�−¨ï API (Application Programming In-
terfaces) íâ¨ §�¬¥−ë −¥ ¯®¢«¨ïîâ ¨ −� ¯à¨ª«�¤−®¥ ��.

‘¥àì¥§−®© ¯à®¡«¥¬®© ª«�áâ¥à−®© ®à£�−¨§�æ¨¨ ˆ‘� ¬®¦¥â ®ª�§�âìáï ¢§�¨¬®-
¤¥©áâ¢¨¥ ¬¥¦¤ã á®¡®© ¯à®£à�¬¬, ¢ë¯®«−ï¥¬ëå ¢ à�§−ëå ¯à®æ¥áá®à−ëå ª«�áâ¥-
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à�å. �ää¥ªâ¨¢−®áâì â�ª®£® ¢§�¨¬®¤¥©áâ¢¨ï −� ®¡é¥¬ ¯®«¥ ®¯¥à�â¨¢−®© ¯�¬ïâ¨,
¤®áâã¯−®© ¢á¥¬ ï¤à�¬ ç¥à¥§ ª®£¥à¥−â−ãî ª®¬¬ãâ�æ¨®−−ãî áâàãªâãàã, ¬®¦¥â
®ª�§�âìáï çà¥§¢ëç�©−® −¨§ª®© ¨§-§� ¡®«ìè¨å §�¤¥à¦¥ª ¤®áâã¯� ¨ ¬−®£®ç¨á«¥−-
−ëå ª®−ä«¨ªâ®¢, ¢¯«®âì ¤® −¥à�§à¥è¨¬ëå, −� à�§¤¥«ï¥¬ëå à¥áãàá�å ¯�¬ïâ¨.
�®íâ®¬ã ¡®«¥¥ íää¥ªâ¨¢−®©, ¥á«¨ −¥ ¥¤¨−áâ¢¥−−® à¥�«¨§ã¥¬®© ¢ ˆ‘�, ¬®¦¥â
®ª�§�âìáï ®à£�−¨§�æ¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã á®¡®© ¯à®£à�¬¬, ¨á¯®«−ï¥¬ëå
¢ à�§−ëå ª«�áâ¥à�å, −� á¥â¥¢ëå ¯à¨−æ¨¯�å | ®¡¬¥−®¬ á®®¡é¥−¨ï¬¨, §�¤¥©-
áâ¢ãï ¤«ï íâ®£® ¤¨á¯¥âç¥à ®ç¥à¥¤¥© ¨ â¨¯®¢ë¥ ¬¥å�−¨§¬ë ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢�
®¡á«ã¦¨¢�−¨ï.

6 Интерфейсы на внешние коммутационные структуры

Š®«¨ç¥áâ¢® ¢−¥è−¨å á¥â¥¢ëå ¨−â¥àä¥©á®¢ ¨−â¥£à¨à®¢�−−®£® ˆ‘� ®£à�−¨ç¨-
¢�¥âáï −¥ â®«ìª® ¤®áâ¨¦¨¬®© áâ¥¯¥−ìî ¨−â¥£à�æ¨¨ ‘−Š (á¨áâ¥¬ë −� ªà¨áâ�««¥),
−® ¨ ¤®¯ãáâ¨¬ë¬ ª®«¨ç¥áâ¢®¬ ¢ë¢®¤®¢ ª®à¯ãá� ¬¨ªà®áå¥¬ë. �®íâ®¬ã ¢�¦-
−ë¬ −�¯à�¢«¥−¨¥¬ à�§¢¨â¨ï ˆ‘� ¡ã¤ãâ ¢ëá®ª®áª®à®áâ−ë¥ ¨−â¥àä¥©áë ¤«ï
¯®¤ª«îç¥−¨ï ª ¢−¥è−¨¬ ª®¬¬ãâ�æ¨®−−ë¬ áâàãªâãà�¬, ¯®§¢®«ïîé¨¬ â¥á−® á®-
¯àï£�âì −¥áª®«ìª® ˆ‘� ¨ á®§¤�¢�âì ¬−®£®¯®àâ®¢ë¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥
ª®¬¬ãâ�â®àë ¨ ¬�àèàãâ¨§�â®àë. ‚ íâ®¬ ¯«�−¥ ¯¥àá¯¥ªâ¨¢−ë¬¨ ¯à¥¤áâ�¢«ïîâáï
«®ª�«ì−ë¥ ¯®á«¥¤®¢�â¥«ì−ë¥ ¨−â¥àä¥©áë Ethernet ¨ SRIO.

�ç¥¢¨¤−®¥ ¤®áâ®¨−áâ¢® «®ª�«ì−®£® Ethernet á® áª®à®áâï¬¨ ¯¥à¥¤�ç¨ 40
¨ 100 ƒ¡¨â/á ¢ ª�ç¥áâ¢¥ ¨−â¥àä¥©á� −� ¢−¥è−¨¥ ª®¬¬ãâ�æ¨®−−ë¥ áâàãªâãàë
§�ª«îç�¥âáï ¢ ¥£® ¯®«−®© «®£¨ç¥áª®© á®¢¬¥áâ¨¬®áâ¨ á á¥â¥¢ë¬¨ ¨−â¥àä¥©á�¬¨
Ethernet, çâ® ¯®§¢®«ï¥â ã−¨ä¨æ¨à®¢�−−® ®¡á«ã¦¨¢�âì ¢á¥ ¢−¥è−¨¥ ¯�ª¥â−ë¥
¨−â¥àä¥©áë ˆ‘�. Š á®¦�«¥−¨î, −� á¥£®¤−ïè−¨© ¤¥−ì â�ª¨å £®â®¢ëå à¥è¥−¨©
−¥â, ¨¬¥¥âáï «¨èì áâ�−¤�àâ ¨−â¥àä¥©á� ®¡ê¥¤¨−¨â¥«ì−ëå ¯«�â 40GBASE-KR4
¨ ¯à¥¤¯®«�£�¥âáï ¯®ï¢«¥−¨¥ áâ�−¤�àâ� −� áª®à®áâì 100 ƒ¡¨â/á.

�à¨ ¡®«¥¥ áªà®¬−ëå âà¥¡®¢�−¨ïå, −� ãà®¢−¥ 6. . .24 ƒ¡¨â/á −� ¯®àâ, ã¦¥
á¥£®¤−ï £®â®¢ ª ¨á¯®«ì§®¢�−¨î ¤«ï ¯®¤ª«îç¥−¨ï ª ˆ‘� ¢−¥è−¨å ª®¬¬ãâ�æ¨®−-
−ëå áâàãªâãà ¨−â¥àä¥©á SRIO. ‚ ®â«¨ç¨¥ ®â ª®¬¯ìîâ¥à−ëå ¨−â¥àä¥©á®¢ â¨¯�
USB ¨«¨ PCIe, ¯à¥¤¯®«�£�îé¨å æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¨ ¤à¥¢®¢¨¤−ãî
â®¯®«®£¨î, ®à£�−¨§�æ¨ï ®¡é¥−¨ï ¢á¥å �¡®−¥−â®¢ ¨−â¥àä¥©á� SRIO ¬¥¦¤ã á®-
¡®© ª�ª à�¢−ëå á à�¢−ë¬¨ (pear-to-pear) ¢ ¡®«ìè¥© ¬¥à¥ á®®â¢¥âáâ¢ã¥â á¥â¥¢ë¬
¯à¨−æ¨¯�¬ ¢§�¨¬®¤¥©áâ¢¨ï ç¥à¥§ ¢−¥è−îî ª®¬¬ãâ�æ¨®−−ãî áâàãªâãàã [12].
‘¯¥æ¨ä¨ª�æ¨ï SRIO (ç�áâ¨ 10 ¨ 11) ¯à¥¤ãá¬�âà¨¢�¥â ¯®â®ª®¢ë¥ (streaming)
âà�−§�ªæ¨¨ á ¨−ª�¯áã«ïæ¨¥© ¯à®¨§¢®«ì−ëå ¯à®â®ª®«®¢ ¨ í«¥¬¥−â�¬¨ ª�ç¥áâ¢�
®¡á«ã¦¨¢�−¨ï [13], � ¨¬¥îé¨¥áï −� àë−ª¥ ¨−â¥£à�«ì−ë¥ ª®¬¬ãâ�â®àë SRIO
®¡¥á¯¥ç¨¢�îâ áã¬¬�à−ãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì ¤® 240 ƒ¡¨â/á [14].

7 Заключение

÷�§«¨ç−ë¥ ˆ‘� áâ�−®¢ïâáï ®á−®¢®© ¢á¥ ¡®«ìè¥£® ç¨á«� à�§−®®¡à�§−ëå
á¥â¥¢ëå ãáâà®©áâ¢. �® ¬¥à¥ à�§¢¨â¨ï ¢ −¨å ¯®áâ®ï−−® ã¢¥«¨ç¨¢�¥âáï ç¨á«® ¯à®-
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£à�¬¬¨àã¥¬ëå ¯à®æ¥áá®à−ëå ï¤¥à, ¯®¢ëè�îâáï áª®à®áâ¨ á¥â¥¢ëå ¨−â¥àä¥©á®¢,
à�áè¨àï¥âáï −®¬¥−ª«�âãà� à�§«¨ç−®£® à®¤� �¯¯�à�â−ëå ãáª®à¨â¥«¥©. �à®æ¥á-
á®à−ë¥ ï¤à� ¯à®ï¢«ïîâ â¥−¤¥−æ¨î ª ª«�áâ¥à¨§�æ¨¨, � ª«�áâ¥àë | ª äã−ªæ¨®-
−�«ì−®© á¯¥æ¨�«¨§�æ¨¨. Š®−æ¥¯âã�«ì−® ¢á¥ íâ¨ ª®¬¯®−¥−âë ˆ‘� ¢ª«îç�îâáï
¢ ¢¨àâã�«ì−ë© ª®−¢¥©¥à, ¯® áâã¯¥−ï¬ ª®â®à®£® ¯®á«¥¤®¢�â¥«ì−® ¯à®å®¤ïâ ®¡à�-
¡�âë¢�¥¬ë¥ ¯�ª¥âë.

‘¡�«�−á¨à®¢�−−ë© ¢¨àâã�«ì−ë© ª®−¢¥©¥à, ã ª®â®à®£® ¢á¥ áâã¯¥−¨ ¨¬¥îâ
¯à¨¬¥à−® à�¢−ãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì, ®¡¥á¯¥ç¨¢�¥â ¤¥â¥à¬¨−¨áâ¨ç¥áªãî
®¡à�¡®âªã á £�à�−â¨à®¢�−−®© ¯à®¨§¢®¤¨â¥«ì−®áâìî. �® −� ¯à�ªâ¨ª¥ −¥¯à®áâ®
á¡�«�−á¨à®¢�âì −¥áª®«ìª® ¢¨àâã�«ì−ëå ª®−¢¥©¥à®¢ ¨§ ®¤−¨å ¨ â¥å ¦¥ ¡«®ª®¢
¢ à�¬ª�å ®¤−®£® ˆ‘�, ¯®íâ®¬ã ®á®¡¥−−®¥ §−�ç¥−¨¥ ¯à¨®¡à¥â�¥â ¨−â¥««¨£¥−â−ë©
¤¨á¯¥âç¥à ®ç¥à¥¤¥©, à¥£ã«¨àãîé¨© ¯®â®ª¨ ¯�ª¥â®¢ ¢−ãâà¨ ˆ‘� ¨ ®¡¥á¯¥-
ç¨¢�îé¨© ¬�ªá¨¬�«ì−® ¢®§¬®¦−ãî íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï −�«¨ç−ëå
à¥áãàá®¢.

�à¨¬¥à ª®¬¯�−¨¨ Cisco Systems á ¥¥ −®¢¥©è¨¬ ¬�áèâ�¡¨àã¥¬ë¬ ˆ‘�
nPower [15] ¯®ª�§ë¢�¥â, çâ® ¬−®£®ï¤¥à−ë¥ ˆ‘� ã¦¥ £®â®¢ë ª ¯à¥®¤®«¥−¨î
àã¡¥¦� ¯à®¨§¢®¤¨â¥«ì−®áâ¨ â¥à�¡¨â ¢ á¥ªã−¤ã.
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Abstract: The article points out the increasing role of programmable integrated
network processors (INP) in developments of up-to-day packet switches, routers,
and various devices for network infrastructure. The article gives an analysis
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ДВУХПАРАМЕТРИЧЕСКИЙ АНАЛИЗ
МАГНИТНО-РЕЗОНАНСНОГО ИЗОБРАЖЕНИЯ МЕТОДОМ

МАКСИМУМА ПРАВДОПОДОБИЯ В СРАВНЕНИИ
С ОДНОПАРАМЕТРИЧЕСКИМ ПРИБЛИЖЕНИЕМ

Т. В. Яковлева1, Н. С. Кульберг2

�−−®â�æ¨ï: ˆáá«¥¤ã¥âáï ¬¥â®¤ ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® �−�«¨§� ¤�−−ëå
¬�£−¨â−®-à¥§®−�−á−®£® ¨§®¡à�¦¥−¨ï, ª®â®àë© ¯®§¢®«ï¥â ¯®«ãç¨âì ®¤−®¢à¥-
¬¥−−ãî ®æ¥−ªã ¯®«¥§−®£® á¨£−�«� ¨ èã¬� ¢ �−�«¨§¨àã¥¬®¬ ¨§®¡à�¦¥−¨¨ −�
®á−®¢¥ ¯à¨−æ¨¯� ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï. „�−−ë© ¬¥â®¤ ¯à¥¤áâ�¢«ï¥â
á®¡®© ¯à¨−æ¨¯¨�«ì−® −®¢ë© á¯®á®¡ ®¡à�¡®âª¨ ¤�−−ëå ¢ ãá«®¢¨ïå à�á¯à¥¤¥-
«¥−¨ï ÷�©á� ¨ ¬®¦¥â íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âìáï ¢ á®áâ�¢¥ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¤«ï à¥è¥−¨ï è¨à®ª®£® ªàã£� §�¤�ç, á¢ï§�−−ëå á ä¨«ìâà�æ¨¥©
à�©á®¢áª¨å á¨£−�«®¢. ÷¥è¥−¨¥ ¤¢ãå¯�à�¬¥âà¨ç¥áª®© §�¤�ç¨ ®á−®¢ë¢�¥âáï
¨áª«îç¨â¥«ì−® −� ¤�−−ëå ¢ë¡®à®ç−ëå ¨§¬¥à¥−¨© ¨ −¥ á¢ï§�−® á �¯à¨®à-
−ë¬¨ ¯à¥¤¯®«®¦¥−¨ï¬¨ ®â−®á¨â¥«ì−® ¢¥«¨ç¨−ë èã¬�, ª®â®àë¥ −¥¨§¡¥¦−®
®£à�−¨ç¨¢�îâ â®ç−®áâì ®¤−®¯�à�¬¥âà¨ç¥áª®£® ¯à¨¡«¨¦¥−¨ï. �®áà¥¤áâ¢®¬
ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®¢¥¤¥− áà�¢−¨â¥«ì−ë© �−�«¨§ âà�¤¨æ¨®−−®-
£® ®¤−®¯�à�¬¥âà¨ç¥áª®£® ¨ à�§¢¨â®£® ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤®¢ à¥è¥−¨ï
§�¤�ç¨ ®æ¥−¨¢�−¨ï ¯®«¥§−®© á®áâ�¢«ïîé¥© ¢ ¢¥«¨ç¨−¥ á¨£−�«�, ä®à¬¨àãîé¥-
£® ¬�£−¨â−®-à¥§®−�−á−®¥ ¨§®¡à�¦¥−¨¥, à�ááç¨â�−ë áâ�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥-
à¨áâ¨ª¨ á¬¥é¥−¨ï ¨ à�§¡à®á� ¨áª®¬ëå ¯�à�¬¥âà®¢ á¨£−�«� ¨ èã¬�. �®ª�§�−ë
¯à¥¨¬ãé¥áâ¢� ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤� �−�«¨§� ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: à�á¯à¥¤¥«¥−¨¥ ÷�©á�; äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï; ¬¥â®¤
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„¢ãå¯�à�¬¥âà¨ç¥áª¨© �−�«¨§ ¬�£−¨â−®-à¥§®−�−á−®£® ¨§®¡à�¦¥−¨ï

¯à¨¬¥à� ¯à¨¬¥−¨¬®áâ¨ áâ�â¨áâ¨ç¥áª®© ¬®¤¥«¨ ÷�©á�. Š�ª ¨§¢¥áâ−®, ¨§¬¥àï-
¥¬®© ¨ �−�«¨§¨àã¥¬®© ¢¥«¨ç¨−®© ¯à¨ íâ®¬ ï¢«ï¥âáï �¬¯«¨âã¤� ¨«¨ ®£¨¡�îé�ï
á¨£−�«�, ä®à¬¨àãîé¥£® ¬�£−¨â−®-à¥§®−�−á−®¥ ¨§®¡à�¦¥−¨¥ ¨ ¯à¥¤áâ�¢«ïîé¥£®
á®¡®© áã¬¬ã ¨áª®¬®£® ¨áå®¤−®£® á¨£−�«� ¨ á«ãç�©−®£® èã¬�, ®¡à�§®¢�−−®£® ¬−®-
£¨¬¨ −¥§�¢¨á¨¬ë¬¨ −®à¬�«ì−®-à�á¯à¥¤¥«¥−−ë¬¨ á«�£�¥¬ë¬¨ á −ã«¥¢ë¬ áà¥¤−¨¬
§−�ç¥−¨¥¬. ‚¥«¨ç¨−� �¬¯«¨âã¤ë â�ª®£® áã¬¬�à−®£® á¨£−�«� ¯®¤ç¨−ï¥âáï áâ�â¨-
áâ¨ç¥áª®¬ã à�á¯à¥¤¥«¥−¨î ÷�©á� [1, 2]. Šàã£ §�¤�ç, ¬�â¥¬�â¨ç¥áª¨ ®¯¨áë¢�¥¬ëå
áâ�â¨áâ¨ç¥áª®© ¬®¤¥«ìî ÷�©á�, ¯®¬¨¬® §�¤�ç ¬�£−¨â−®-à¥§®−�−á−®© ¢¨§ã�«¨§�-
æ¨¨ [3{8] ®å¢�âë¢�¥â â�ª¨¥ §�¤�ç¨, ª�ª ¯à¨¥¬ ¨ ®¡à�¡®âª� à�¤¨®á¨£−�«®¢ [9];
�−�«¨§ á¨£−�«®¢ à�¤�à� [10, 11]; §�¤�ç¨, á¢ï§�−−ë¥ á �−�«¨§®¬ §¢ãª®¢®£® íå®-
á¨£−�«� [12, 13]; ®¯à¥¤¥«¥−¨¥ å�à�ªâ¥à¨áâ¨ª ®¯â¨ç¥áª®© áà¥¤ë ¯ãâ¥¬ ¨§ãç¥−¨ï
á¢®©áâ¢ ®âà�¦¥−−®£® ¯¥à¨®¤¨ç¥áª¨ ¬®¤ã«¨à®¢�−−®£® á¢¥â� [14].

’à�¤¨æ¨®−−ë¥ ¬¥â®¤ë �−�«¨§� ¨ ®¡à�¡®âª¨ à�©á®¢áª¨å á¨£−�«®¢ ¢ §�¤�-
ç�å ¬�£−¨â−®-à¥§®−�−á−®© ¢¨§ã�«¨§�æ¨¨, ®á−®¢�−−ë¥ −� ¯à¨−æ¨¯¥ ¬�ªá¨¬ã¬�
¯à�¢¤®¯®¤®¡¨ï, ª�ª ¯à�¢¨«®, ¯à¥¤¯®«�£�îâ ®æ¥−¨¢�−¨¥ «¨èì ®¤−®£® ¨§ ¤¢ãå
áâ�â¨áâ¨ç¥áª¨å ¯�à�¬¥âà®¢ | ¯�à�¬¥âà� áà¥¤−¥© ¢¥«¨ç¨−ë á¨£−�«� ¢ ¯à¥¤¯®«®-
¦¥−¨¨, çâ® ¢â®à®© ¯�à�¬¥âà | ¤¨á¯¥àá¨ï èã¬� | ï¢«ï¥âáï ¨§¢¥áâ−ë¬ �¯à¨®à¨
(á¬., −�¯à¨¬¥à, [6]). �â� â�ª −�§ë¢�¥¬�ï ®¤−®¯�à�¬¥âà¨ç¥áª�ï ¬®¤¥«ì, ¨á-
¯®«ì§ã¥¬�ï ¬−®£¨¬¨ �¢â®à�¬¨ ¯à¨ à¥è¥−¨¨ §�¤�ç¨, −¨ª®£¤� −¥ à¥�«¨§ã¥âáï −�
¯à�ªâ¨ª¥, ¨ ¯®íâ®¬ã ¥¥ ¯à¨¬¥−¥−¨¥ ï¢«ï¥âáï á¥àì¥§−ë¬ ®£à�−¨ç¥−¨¥¬ âà�¤¨-
æ¨®−−ëå ¯®¤å®¤®¢ ª ®¡à�¡®âª¥ à�©á®¢áª¨å á¨£−�«®¢. ‚ à�¡®â¥ [15] ¢¯¥à¢ë¥
¡ë«� à�áá¬®âà¥−� �¤¥ª¢�â−�ï ¤¢ãå¯�à�¬¥âà¨ç¥áª�ï ¬®¤¥«ì ¤«ï à¥è¥−¨ï §�¤�ç¨,
â. ¥. ¬®¤¥«ì, ¯à¥¤¯®«�£�îé�ï −�«¨ç¨¥ ¤¢ãå −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ �−�«¨-
§¨àã¥¬®£® à�©á®¢áª®£® á¨£−�«�: áà¥¤−¥© ¢¥«¨ç¨−ë á¨£−�«� ¨ ¤¨á¯¥àá¨¨ èã¬�.
‚ [15] ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� á®¢¬¥áâ−®© ®æ¥−ª¨ ®¡®¨å ãª�§�−−ëå áâ�â¨áâ¨ç¥áª¨å
¯�à�¬¥âà®¢ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï. �¤−�ª® à¥è¥−¨¥ ¤¢ãå¯�à�¬¥â-
à¨ç¥áª®© §�¤�ç¨ á®¯àï¦¥−® á® §−�ç¨â¥«ì−ë¬¨ âàã¤−®áâï¬¨ ª�ª â¥®à¥â¨ç¥áª®£®,
â�ª ¨ ¢ëç¨á«¨â¥«ì−®£® å�à�ªâ¥à�, ¯®áª®«ìªã ¯à¨å®¤¨âáï à�áá¬�âà¨¢�âì á¨áâ¥¬ã
¤¢ãå áãé¥áâ¢¥−−® −¥«¨−¥©−ëå ãà�¢−¥−¨©. �âç�áâ¨ ¯®íâ®¬ã ¤® −¥¤�¢−¥£® ¢à¥¬¥−¨
â¥®à¥â¨ç¥áª®¥ ¨§ãç¥−¨¥ §�¤�ç¨ ®£à�−¨ç¨¢�«®áì «¨èì ®æ¥−ª�¬¨ áâ�−¤�àâ−®£® ®â-
ª«®−¥−¨ï ¯® ¬¥â®¤ã Šà�¬¥à�{÷�® [15] ¨ ¯à¥¤¯®«®¦¥−¨ï¬¨ ®â−®á¨â¥«ì−® á¢®©áâ¢
à¥è¥−¨ï §�¤�ç¨, ®á−®¢�−−ë¬¨ −� £à�ä¨ç¥áª¨å ¨««îáâà�æ¨ïå, � −¥ −� áâà®£®¬
¬�â¥¬�â¨ç¥áª®¬ �−�«¨§¥ [7].

„¢ãå¯�à�¬¥âà¨ç¥áª¨© ¬¥â®¤ à¥è¥−¨ï §�¤�ç¨ [16{18] ®¡¥á¯¥ç¨¢�¥â ®¤−®¢à¥-
¬¥−−®¥ ®¯à¥¤¥«¥−¨¥ ®¡®¨å �¯à¨®à¨ −¥ ¨§¢¥áâ−ëå áâ�â¨áâ¨ç¥áª¨å ¯�à�¬¥âà®¢ |
áà¥¤−¥© ¢¥«¨ç¨−ë ¯®«¥§−®£® á¨£−�«� ¨ ¤¨á¯¥àá¨¨ èã¬�. �â¨ ¤¢� ¯�à�¬¥âà�
á«ãç�©−®© ¢¥«¨ç¨−ë, ä®à¬¨àãîé¥© ¬�£−¨â−®-à¥§®−�−á−®¥ ¨§®¡à�¦¥−¨¥, ¯®§¢®-
«ïîâ, ¢ á¢®î ®ç¥à¥¤ì, ¯®«−®áâìî ®¯à¥¤¥«¨âì äã−ªæ¨î, ®¯¨áë¢�îéãî ¢®ááâ�-
−�¢«¨¢�¥¬®¥ ¨áå®¤−®¥, â. ¥. −¥§�èã¬«¥−−®¥ ¨§®¡à�¦¥−¨¥. ˆáª®¬ë¥ ¯�à�¬¥âàë
¢ëç¨á«ïîâáï «¨èì −� ®á−®¢�−¨¨ ¢ë¡®à®ª ¨§¬¥à¥−¨©, ¡¥§ ª�ª¨å-«¨¡® ®£à�−¨ç¥-
−¨©, −�«�£�¥¬ëå ¯à¥¤¯®«®¦¥−¨¥¬ ®¡ �¯à¨®à−®© ¨§¢¥áâ−®áâ¨ èã¬�, ¨ ¯®íâ®¬ã
¤¢ãå¯�à�¬¥âà¨ç¥áª¨© ¬¥â®¤ ®¡¥á¯¥ç¨¢�¥â £®à�§¤® ¡®«¥¥ ª®àà¥ªâ−ë¥ ®æ¥−ª¨ ¯®
áà�¢−¥−¨î á ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ ¯à¨¡«¨¦¥−¨¥¬. Œ�â¥¬�â¨ç¥áª®¥ ®¡®á−®¢�−¨¥
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¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤�, ®á−®¢�−−®¥ −� áâà®£®¬ ¤®ª�§�â¥«ìáâ¢¥ áãé¥áâ¢®-
¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨ à¥è¥−¨ï §�¤�ç¨, ¢¯¥à¢ë¥ ¯à¥¤áâ�¢«¥−® ¢ à�¡®â�å [16{18].

÷�§¢¨¢�¥¬ë© ¤¢ãå¯�à�¬¥âà¨ç¥áª¨© ¬¥â®¤ ¬®¦−® ®¡®¡é¥−−® à�áá¬�âà¨¢�âì
ª�ª ¨−áâàã¬¥−â �−�«¨§� á®áâ®ï−¨© áâ®å�áâ¨ç¥áª®© á¨áâ¥¬ë ¢ á«ãç�¥, ª®£¤� á¨áâ¥-
¬� å�à�ªâ¥à¨§ã¥âáï ¤¢ã¬ï á®áâ®ï−¨ï¬¨: ¨áå®¤−ë¬ −¥§�èã¬«¥−−ë¬ á®áâ®ï−¨¥¬
¨ á®áâ®ï−¨¥¬ á¨áâ¥¬ë, ¯®¤¢¥à¦¥−−®© ¢®§¤¥©áâ¢¨î −� −¥¥ £�ãáá®¢áª®£® èã¬�.
‡�¤�ç� ä¨«ìâà�æ¨¨ ¬�£−¨â−®-à¥§®−�−á−®£® ¨§®¡à�¦¥−¨ï á®áâ®¨â ¢ â®¬, çâ®¡ë −�
®á−®¢¥ ¢ë¡®à®ç−ëå ¤�−−ëå ® ú§�èã¬«¥−−®¬û á®áâ®ï−¨¨ á¨áâ¥¬ë ¢®ááâ�−®¢¨âì
¨áå®¤−®¥ ú−¥§�èã¬«¥−−®¥û á®áâ®ï−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ¨áª®¬ë¬ ¤�−−ë¬, �−�-
«¨§¨àã¥¬ë¬ ¯®áà¥¤áâ¢®¬ ¨§ãç¥−¨ï áä®à¬¨à®¢�−−®£® ¨¬¨ ¬�£−¨â−®-à¥§®−�−á−®£®
¨§®¡à�¦¥−¨ï. ‘ íâ®© â®çª¨ §à¥−¨ï ¤¢ãå¯�à�¬¥âà¨ç¥áª¨© ¬¥â®¤ ¢®ááâ�−®¢«¥−¨ï
¨áå®¤−®£®, −¥§�èã¬«¥−−®£® ¬�£−¨â−®-à¥§®−�−á−®£® ¨§®¡à�¦¥−¨ï ¯à¥¤áâ�¢«ï¥â
á®¡®© −®¢ë© ¬¥â®¤ ä¨«ìâà�æ¨¨ ¤�−−ëå, ª®â®àë© ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¢ á®áâ�¢¥
á®®â¢¥âáâ¢ãîé¥© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨.

‡�¤�ç�, à¥è�¥¬�ï ¢ −�áâ®ïé¥© à�¡®â¥, á®áâ®¨â ¢ ¨§ãç¥−¨¨ ®á®¡¥−−®áâ¥©
¨ áâ�â¨áâ¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤� �−�«¨§� ¬�£−¨â-
−®-à¥§®−�−á−®£® ¨§®¡à�¦¥−¨ï, ¢ ç�áâ−®áâ¨ ¯ãâ¥¬ á®¯®áâ�¢«¥−¨ï á ®¤−®¯�à�¬¥â-
à¨ç¥áª¨¬ ¯à¨¡«¨¦¥−¨¥¬. ‚ à�¡®â¥ à�áá¬�âà¨¢�îâáï ¯à¥¨¬ãé¥áâ¢� ¨ ®£à�−¨-
ç¥−¨ï, å�à�ªâ¥à−ë¥ ¤«ï ®¡®¨å ¬¥â®¤®¢, ¢ëï¢«ïîâáï ãá«®¢¨ï ¨å ®¯â¨¬¨§�æ¨¨.
�á−®¢−ë¥ à¥§ã«ìâ�âë à�¡®âë, ¯®«ãç¥−−ë¥ ¯®áà¥¤áâ¢®¬ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�-
−¨ï áà�¢−¨¢�¥¬ëå ¬¥â®¤®¢, ¯à¥¤áâ�¢«¥−ë ¢ à�§¤. 3, ¢ â® ¢à¥¬ï ª�ª ¢ à�§¤. 2
ªà�âª® ¨§«®¦¥−ë â¥®à¥â¨ç¥áª¨¥ ®á−®¢ë ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® �−�«¨§� ¤�−−ëå
¢ ãá«®¢¨ïå à�á¯à¥¤¥«¥−¨ï ÷�©á�. ’¥®à¨ï ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¯®¤å®¤� ª �−�-
«¨§ã ¨ ®¡à�¡®âª¥ à�©á®¢áª¨å ¤�−−ëå à�§¢¨â� ’. ‚. Ÿª®¢«¥¢®©. ‚ ç�áâ−®áâ¨,
¢ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−®£® â¥®à¥â¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï à�§à�¡®â�−ë �«£®à¨â¬ë
à�áç¥â� −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢. „�−−ë¥ �«£®à¨â¬ë «¥£«¨ ¢ ®á−®¢ã á®§¤�−−ëå
�. ‘. Šã«ì¡¥à£®¬ ¯à®£à�¬¬ à�áç¥â� ¨áª®¬ëå ¯�à�¬¥âà®¢ §�¤�ç¨. �� ®á−®¢¥
à�§à�¡®â�−−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï [19] ¢ à�¡®â¥ ¯à®¢¥¤¥−ë ç¨á«¥−−ë¥
íªá¯¥à¨¬¥−âë á æ¥«ìî á®¯®áâ�¢«¥−¨ï ®¤−®- ¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª®© ¬®¤¥«¥©.

2 Теоретические основы двухпараметрического анализа данных
методом максимума правдоподобия в условиях распределения Райса

÷�áá¬®âà¨¬ §�¤�çã �−�«¨§� á«ãç�©−®£® á¨£−�«�, ¯à¥¤áâ�¢«ïîé¥£® á®¡®© ¬®-
¤ã«ì ª®¬¯«¥ªá−®© ¢¥«¨ç¨−ë, ¤¥©áâ¢¨â¥«ì−�ï xRe ¨ ¬−¨¬�ï xIm ç�áâ¨ ª®â®à®£®
¨áª�¦�îâáï £�ãáá®¢áª¨¬ èã¬®¬, ¨¬¥îé¨¬ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á −¥ª®â®-
à®© −¥¨§¢¥áâ−®© ¢¥«¨ç¨−®© ¤¨á¯¥àá¨¨ ¨ −ã«¥¢ë¬¨ áà¥¤−¨¬¨ §−�ç¥−¨ï¬¨. ’�ª¨¥
á¨£−�«ë å�à�ªâ¥à¨§ãîâ, ¢ ç�áâ−®áâ¨, ¯à®æ¥áá ¯®áâà®¥−¨ï ¬�£−¨â−®-à¥§®−�−á−®£®

¨§®¡à�¦¥−¨ï. �¬¯«¨âã¤� x =
√

x2Re + x
2
Im ä®à¬¨àã¥â �−�«¨§¨àã¥¬®¥ ¬�£−¨â-

−®-à¥§®−�−á−®¥ ¨§®¡à�¦¥−¨¥. �ã¤¥¬ ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: ν |
¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¤¥©áâ¢¨â¥«ì−®© ¨ ¬−¨¬®© ç�áâ¥© ¨§¬¥àï¥¬®£® á¨£−�«�;
σ2 | ¢¥«¨ç¨−� ¤¨á¯¥àá¨¨ £�ãáá®¢áª®£® èã¬�, ¨áª�¦�îé¥£® á¨£−�«. ‚¥«¨ç¨-
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−� ν/σ å�à�ªâ¥à¨§ã¥â ®â−®è¥−¨¥ á¨£−�«� ª èã¬ã. ’®£¤� �¬¯«¨âã¤� x ¨¬¥¥â
à�á¯à¥¤¥«¥−¨¥ ÷�©á� á ¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¨

P
(

x|ν, σ2
)

=
x

σ2
exp

(

−x
2 + ν2

2σ2

)

I0

(

xν

σ2

)

. (1)

‡¤¥áì ¨ −¨¦¥ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: Iα(z) | ¬®¤¨ä¨æ¨-
à®¢�−−�ï äã−ªæ¨ï �¥áá¥«ï ¯¥à¢®£® à®¤� (¨«¨ äã−ªæ¨ï ˆ−ä¥«ì¤�) ¯®àï¤ª� α;
xi | ¢¥«¨ç¨−� á¨£−�«� i-© ¢ë¡®àª¨ ¯à¨ ¨§¬¥à¥−¨¨ ¤�−−ëå ¤«ï ¯®á«¥¤ãîé¥©
®¡à�¡®âª¨ ¨§®¡à�¦¥−¨ï; n | ª®«¨ç¥áâ¢® í«¥¬¥−â®¢ ¢ ¢ë¡®àª¥ (¤«¨−� ¢ë¡®àª¨).
„«ï ®¡®§−�ç¥−¨ï à�§«¨ç−ëå ¢¨¤®¢ ãáà¥¤−¥−¨ï ¯® ¢ë¡®àª¥ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì
ã£«®¢ë¥ áª®¡ª¨, � áà¥¤−¥¥ §−�ç¥−¨¥ ¯à¨ ¡¥áª®−¥ç−® ¡®«ìè®© ¤«¨−¥ ¢ë¡®àª¨
¡ã¤¥¬ ®¡®§−�ç�âì ç¥àâ®© á¢¥àåã:

〈x〉 = 1
n

n
∑

i=1

xi ; 〈x2〉 = 1
n

n
∑

i=1

x2i ; . . . ; 〈xk〉 = 1
n

n
∑

i=1

xk
i ;

x = lim
n→∞

1

n

n
∑

i=1

xi ; x2 = lim
n→∞

1

n

n
∑

i=1

x2i ; . . . ; xk = lim
n→∞

1

n

n
∑

i=1

xk
i .

”ã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï, ª�ª ¨§¢¥áâ−®, ¯à¥¤áâ�¢«ï¥â á®¡®© ¯«®â−®áâì á®-
¢¬¥áâ−®£® à�á¯à¥¤¥«¥−¨ï ¢ ¢ë¡®àª¥ ª�ª äã−ªæ¨î áâ�â¨áâ¨ç¥áª¨å ¯�à�¬¥âà®¢ ν
¨ σ2 ¨ ®¯à¥¤¥«ï¥âáï ¯à®¨§¢¥¤¥−¨¥¬ äã−ªæ¨© ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ ¤«ï ª�¦¤®£®
¨§¬¥à¥−¨ï ¨§ ¢ë¡®àª¨:

L
(

ν, σ2
)

=
n
∏

i=1

P
(

xi|ν, σ2
)

. (2)

„«ï à¥è¥−¨ï §�¤�ç¨ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï ã¤®¡−® ¨á¯®«ì§®¢�âì
«®£�à¨ä¬¨ç¥áªãî äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï lnL(ν, σ2) [6, 16{18]. �¯ãáª�ï ¯à®-
¬¥¦ãâ®ç−ë¥ ¢ëª«�¤ª¨ [16{18], ¯à¨¢¥¤¥¬ ®á−®¢−ë¥ á®®â−®è¥−¨ï, ®¯à¥¤¥«ïîé¨¥
�«£®à¨â¬ ¢ëç¨á«¥−¨ï ¨áª®¬ëå ¯�à�¬¥âà®¢ ν ¨ σ2 ¤¢ãå¯�à�¬¥âà¨ç¥áª¨¬ ¬¥â®-
¤®¬. ‘¨áâ¥¬� ãà�¢−¥−¨© ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï ¤«ï ν ¨ σ2 ¨¬¥¥â á«¥¤ãîé¨©
¢¨¤ [16{18]:

ν − 1
n

n
∑

i=1

xi
“I

(

xiν

σ2

)

= 0 ;

σ2 − 1
2n

n
∑

i=1

(

x2i + ν
2
)

+
ν

n

n
∑

i=1

xi
“I

(

xiν

σ2

)

= 0 .























(3)

‚ ãà�¢−¥−¨ïå (3) ¨á¯®«ì§ã¥âáï ®¡®§−�ç¥−¨¥ “I(z) = I1(z)/I0(z) ‘¢®©áâ¢�
äã−ªæ¨¨ “I(z) ¯®¤à®¡−® ¨§ãç¥−ë ¢ ¯à¥¤ë¤ãé¨å à�¡®â�å �¢â®à®¢ (á¬., −�¯à¨-
¬¥à, [18]). ˆ¬¥−−® íâ¨ á¢®©áâ¢�: £«�¤ª®áâì, ¬®−®â®−−®áâì, ®£à�−¨ç¥−−®áâì,
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’. ‚. Ÿª®¢«¥¢�, �. ‘. Šã«ì¡¥à£

¢ë¯ãª«®áâì | ®¯à¥¤¥«ïîâ áãé¥áâ¢®¢�−¨¥ ¨ ¥¤¨−áâ¢¥−−®áâì à¥è¥−¨ï á¨áâ¥¬ë
ãà�¢−¥−¨© (3), áâà®£® ¤®ª�§�−−ë¥ ¢ [18]. ÷¥è¥−¨¥ á¨áâ¥¬ë ãà�¢−¥−¨© (3) ¬�ª-
á¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¢ë¡®àª¨ ¨§ n ¨§¬¥à¥−¨© ¢¥«¨ç¨−ë
á¨£−�«� x1, . . . , xn ¯®§¢®«ï¥â ¯®«ãç¨âì −�¨¡®«¥¥ ¢¥à®ïâ−ë¥ §−�ç¥−¨ï ¯�à�¬¥â-
à®¢ ν ¨ σ2 á«ãç�©−®£® á¨£−�«�, ä®à¬¨àãîé¥£® ¨§®¡à�¦¥−¨¥, ¨ â¥¬ á�¬ë¬ à¥è¨âì
§�¤�çã ¢®ááâ�−®¢«¥−¨ï −¥ ¨áª�¦¥−−®£® èã¬�¬¨ ¨áå®¤−®£® ¨§®¡à�¦¥−¨ï.

÷¥è¥−¨¥ ¯¥à¢®£® ãà�¢−¥−¨ï á¨áâ¥¬ë (3) −¥§�¢¨á¨¬® ®â ¢â®à®£® ®§−�ç�¥â à¥è¥-
−¨¥ ®¤−®¯�à�¬¥âà¨ç¥áª®© §�¤�ç¨ ®¯à¥¤¥«¥−¨ï ®¤−®£® −¥¨§¢¥áâ−®£® ¯�à�¬¥âà� ν
¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ¢â®à®© ¯�à�¬¥âà | ¤¨á¯¥àá¨ï σ2 | ï¢«ï¥âáï ¨§¢¥áâ−ë¬
�¯à¨®à¨ [6]. ‘ãé¥áâ¢®¢�−¨¥ ¨ ¥¤¨−áâ¢¥−−®áâì à¥è¥−¨ï ®¤−®¯�à�¬¥âà¨ç¥áª®©
§�¤�ç¨ ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ¤¨á¯¥àá¨ï èã¬� σ2 ¨§¢¥áâ−� �¯à¨®à¨, áâà®£® ¤®ª�-
§�−ë ¢ [16, 18]. ÷�§¢¨â¨¥ ¬¥â®¤� ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï −� á«ãç�©, ª®£¤� ®¡�
áâ�â¨áâ¨ç¥áª¨å ¯�à�¬¥âà� ν ¨ σ2 �¯à¨®à¨ −¥ ¨§¢¥áâ−ë, ¯à¨¢®¤¨â ª −¥®¡å®¤¨¬®áâ¨
à¥è¥−¨ï á¨áâ¥¬ë −¥«¨−¥©−ëå ãà�¢−¥−¨© (3). ‚ à¥§ã«ìâ�â¥ àï¤� ¯à¥®¡à�§®¢�−¨©,
−� ª®â®àëå §¤¥áì ®áâ�−�¢«¨¢�âìáï −¥ ¡ã¤¥¬, á¨áâ¥¬� (3) ¤«ï ν ¨ σ2 ¬®¦¥â ¡ëâì
¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥:

ν =
1

n

n
∑

i=1

xi
“I

(

2xiν

〈x2〉 − ν2
)

;

σ2 =
1

2

(

〈x2〉 − ν2
)

.



















(4)

�¥à¢®¥ ¨§ ãà�¢−¥−¨© á¨áâ¥¬ë (4) | ãà�¢−¥−¨¥ ¤«ï ν | ¯à¥¤áâ�¢«ï¥â á®¡®©
ãà�¢−¥−¨¥ á ®¤−¨¬ −¥¨§¢¥áâ−ë¬, â. ¥. §�¤�ç� à¥è¥−¨ï á¨áâ¥¬ë ãà�¢−¥−¨© (3)
¤«ï ¤¢ãå −¥¨§¢¥áâ−ëå ν ¨ σ2 á¢¥¤¥−� ª à¥è¥−¨î ®¤−®£® ãà�¢−¥−¨ï ¤«ï ®¤−®©
¯¥à¥¬¥−−®© ν (¯¥à¢®¥ ãà�¢−¥−¨¥ á¨áâ¥¬ë (4)) ¨ ¯®á«¥¤ãîé¥£® à�áç¥â� ¢â®à®£® −¥-
¨§¢¥áâ−®£® ¯® §�¤�−−®© ä®à¬ã«¥ (¢â®à®¥ ãà�¢−¥−¨¥ á¨áâ¥¬ë (4)). ‘«¥¤®¢�â¥«ì−®,
à¥è¥−¨¥ ¤¢ãå¯�à�¬¥âà¨ç¥áª®© §�¤�ç¨ áãé¥áâ¢¥−−® ã¯à®é�¥âáï, � ®¡ê¥¬ −¥®¡å®-
¤¨¬ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¯à�ªâ¨ç¥áª¨ −¥ ã¢¥«¨ç¨¢�¥âáï ¯® áà�¢−¥−¨î
á ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ ¬¥â®¤®¬. Š�ª ¯®ª�§�−® ¢ [16{18], à¥è¥−¨¥ á¨áâ¥¬ë
ãà�¢−¥−¨© (3) (¨«¨ (4)) ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤� ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï
áãé¥áâ¢ã¥â ¨ ï¢«ï¥âáï ¥¤¨−áâ¢¥−−ë¬. �à¥¤áâ�¢«¥−−ë¥ ¢ á«¥¤ãîé¥¬ à�§¤¥«¥ à¥-
§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ ¯®«ãç¥−ë à¥è¥−¨¥¬ ¯¥à¢®£® ¨§ ãà�¢−¥−¨© (3)
¨ à¥è¥−¨¥¬ á¨áâ¥¬ë (4) ¤«ï ®¤−®¯�à�¬¥âà¨ç¥áª®£® ¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥-
â®¤� á®®â¢¥âáâ¢¥−−®.

3 Результаты численного моделирования

‚ ¤�−−®¬ à�§¤¥«¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ¨§«®¦¥−-
−ëå ¢ëè¥ ®¤−®- ¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤®¢ ä¨«ìâà�æ¨¨ ¬�£−¨â−®-à¥§®-
−�−á−®£® ¨§®¡à�¦¥−¨ï ¯®áà¥¤áâ¢®¬ à¥è¥−¨ï §�¤�ç¨ à�áç¥â� ¨áª®¬ëå ¯�à�¬¥âà®¢
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à�©á®¢áª®£® à�á¯à¥¤¥«¥−¨ï −� ®á−®¢¥ ¯à¨−æ¨¯� ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï. �ç¥-
¢¨¤−®, çâ® á¢®©áâ¢� à¥è¥−¨© ãà�¢−¥−¨©, á®®â¢¥âáâ¢ãîé¨å ®¡®¨¬ á®¯®áâ�¢«ï¥¬ë¬
¬¥â®¤�¬, ®¯à¥¤¥«ïîâáï ®á®¡¥−−®áâï¬¨ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï à�á¯à¥¤¥«¥−¨ï
÷�©á� [17]. —â®¡ë ¯à®¨««îáâà¨à®¢�âì íâ¨ á¢®©áâ¢�, ¯à¨¢¥¤¥¬ âà¥å¬¥à−ë¥
£à�ä¨ª¨ ¤�−−®© äã−ªæ¨¨, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢
¯ãâ¥¬ ¥¥ à�áç¥â� ¯® ä®à¬ã«¥ (2) ¯® ¢ë¡®à®ç−ë¬ ¤�−−ë¬, £¥−¥à¨àã¥¬ë¬ ¤�âç¨ª®¬
á«ãç�©−ëå ç¨á¥« á à�á¯à¥¤¥«¥−¨¥¬ ÷�©á�.

�� à¨á. 1 ¯à¨¢¥¤¥−ë ¯®«ãç¥−−ë¥ ¯®áà¥¤áâ¢®¬ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï
âà¥å¬¥à−ë¥ £à�ä¨ª¨ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ª�ª äã−ªæ¨¨ ¤¢ãå ¯¥à¥¬¥−−ëå:
¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¨ ¤¨á¯¥àá¨¨ èã¬�, | ¯®áâà®¥−−ë¥ ¤«ï à�§«¨ç−ëå
§−�ç¥−¨© ®â−®è¥−¨ï á¨£−�«� ª èã¬ã, ª®â®àë¥ −�£«ï¤−® ¨««îáâà¨àãîâ áãé¥-
áâ¢®¢�−¨¥ ¨ ¥¤¨−áâ¢¥−−®áâì ¬�ªá¨¬ã¬� äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï, ¨«¨, ¤àã£¨¬¨
á«®¢�¬¨, ¥¤¨−áâ¢¥−−®áâì à¥è¥−¨ï ¤¢ãå¯�à�¬¥âà¨ç¥áª®© §�¤�ç¨ ¬¥â®¤®¬ ¬�ª-
á¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï, çâ®, ª�ª ®â¬¥ç�«®áì ¢ëè¥, ¤¥ª«�à¨àã¥âáï â¥®à¥¬�¬¨,
¤®ª�§�−−ë¬¨ ¢ [16, 18]. �� à¨á. 1 ¯à¥¤áâ�¢«¥−ë â�ª¦¥ á¥ç¥−¨ï äã−ªæ¨¨ ¯à�¢-
¤®¯®¤®¡¨ï ¯«®áª®áâìî σ = const ¨ ¯«®áª®áâìî ν = const ¢ ®ªà¥áâ−®áâ¨ â®çª¨
¬�ªá¨¬ã¬�. ÷�áç¥â äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¯à®¨§¢®¤¨«áï ¯® ä®à¬ã«¥ (2). �à¨
íâ®¬ ¨á¯®«ì§®¢�«áï ¤�âç¨ª á«ãç�©−ëå ç¨á¥«, ¯®¤ç¨−ïîé¨åáï à�á¯à¥¤¥«¥−¨î
÷�©á� á á®®â¢¥âáâ¢ãîé¨¬¨ ¯�à�¬¥âà�¬¨: (�) ν = 3, σ = 1; (¡) ν = 1, σ = 1;
(¢) ν = 0,3, σ = 1. „«¨−� ¢ë¡®àª¨ n ¢® ¢á¥å ¢�à¨�−â�å à�áç¥â� äã−ªæ¨¨
¯à�¢¤®¯®¤®¡¨ï, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 1, á®áâ�¢«ï«� 8.

�®¬¨¬® −�«¨ç¨ï ¥¤¨−áâ¢¥−−®© â®çª¨ ¬�ªá¨¬ã¬� äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï
à¨á. 1 ¨««îáâà¨àã¥â â�ª¦¥ â®â ä�ªâ, çâ® á à®áâ®¬ ®â−®è¥−¨ï á¨£−�«� ª èã¬ã
ν/σ ¬�ªá¨¬ã¬ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¯à¨®¡à¥â�¥â ¡®«¥¥ ®áâàãî ä®à¬ã ¨,
á®®â¢¥âáâ¢¥−−®, £à�ä¨ª á¥ç¥−¨ï ¤�−−®© äã−ªæ¨¨ ª�ª ¯«®áª®áâìî σ = const, â�ª
¨ ¯«®áª®áâìî ν = const áã¦�¥âáï.

„àã£�ï ¢�¦−�ï ®á®¡¥−−®áâì ä®à¬ë äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï á®áâ®¨â ¢ á«¥-
¤ãîé¥¬. �ç¥¢¨¤−®, çâ® ¢ à¥§ã«ìâ�â¥ á¥ç¥−¨ï âà¥å¬¥à−®© ¯®¢¥àå−®áâ¨ ¤�−−®©
äã−ªæ¨¨ ¢¡«¨§¨ â®çª¨ ¥¥ ¬�ªá¨¬ã¬� ¯«®áª®áâï¬¨ σ = const (¢¥àå−¨¥ £à�ä¨ª¨
á¯à�¢� ®â âà¥å¬¥à−®£® ¨§®¡à�¦¥−¨ï) ¨ ¯«®áª®áâï¬¨ ν = const (−¨¦−¨¥ £à�ä¨ª¨
á¯à�¢� ®â âà¥å¬¥à−®£® ¨§®¡à�¦¥−¨ï) ¯®«ãç�îâáï äã−ªæ¨¨, ª®â®àë¥ å�à�ªâ¥-
à¨§ãîâ §�¢¨á¨¬®áâì äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ®â ª�¦¤®£® ¨§ ¯�à�¬¥âà®¢ ν ¨ σ
á®®â¢¥âáâ¢¥−−® ¯à¨ ä¨ªá¨à®¢�−−®© ¢¥«¨ç¨−¥ ¢â®à®£® ¯�à�¬¥âà�. �à¨ íâ®¬ ¨§
¯à¥¤áâ�¢«¥−−ëå −� à¨á. 1 £à�ä¨ª®¢ á«¥¤ã¥â, çâ® å�à�ªâ¥à−�ï è¨à¨−� äã−ªæ¨¨,
®¯¨áë¢�îé¥© §�¢¨á¨¬®áâì äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ®â ¯�à�¬¥âà� á¨£−�«� ν (¯à¨
σ = const), §�¬¥â−® ¡®«ìè¥, ç¥¬ å�à�ªâ¥à−�ï è¨à¨−� äã−ªæ¨¨, ª®â®à�ï ®âà�¦�-
¥â §�¢¨á¨¬®áâì äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ®â ¯�à�¬¥âà� áâ�−¤�àâ−®£® ®âª«®−¥−¨ï σ
(¯à¨ ν = const). �â® ¢¯®«−¥ §�ª®−®¬¥à−® ¢ á¨«ã â®£®, çâ® ¯�à�¬¥âàë ν ¨ σ
¢å®¤ïâ ¢ äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï (2) ª�ª ¥¥ �à£ã¬¥−âë ¯®-à�§−®¬ã, ¯®áª®«ìªã
®−¨ ¯®-à�§−®¬ã ¢å®¤ïâ ¢ á®®â¢¥âáâ¢ãîéãî à�á¯à¥¤¥«¥−¨î ÷�©á� äã−ªæ¨î ¯«®â-
−®áâ¨ ¢¥à®ïâ−®áâ¨ (1). �â® à�§«¨ç¨¥ ¢ §�¢¨á¨¬®áâïå äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ®â
ª�¦¤®£® ¨§ á¢®¨å �à£ã¬¥−â®¢ ν ¨ σ ¢«¥ç¥â §� á®¡®© ¢�¦−®¥ á«¥¤áâ¢¨¥: â®ç−®áâì
®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ ν ¨ σ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï ¡ã¤¥â à�§-
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÷¨á. 1 ”ã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¨ ¥¥ á¥ç¥−¨ï ¯à¨ à�§«¨ç−ëå á®®â−®è¥−¨ïå ¯�à�¬¥-
âà®¢ ν, σ: (�) ν = 3, σ = 1, ν/σ = 3; (¡) ν = 1, σ = 1, ν/σ = 1; (¢) ν = 3, σ = 1,
ν/σ = 0,3
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«¨ç−®©, � ¨¬¥−−®: â®ç−®áâì ®¯à¥¤¥«¥−¨ï σ ª�ª �à£ã¬¥−â� ¡®«¥¥ ã§ª®© äã−ªæ¨¨
¯à�¢¤®¯®¤®¡¨ï ¢ á¥ç¥−¨¨ ν = const ¤®«¦−� ¡ëâì ¢ëè¥, ç¥¬ â®ç−®áâì ®¯à¥¤¥«¥-
−¨ï ν ª�ª �à£ã¬¥−â� á ¡®«ìè¥© å�à�ªâ¥à−®© è¨à¨−®© äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï
¢ á¥ç¥−¨¨ σ = const. �â®â ¢�¦−ë© ¢ë¢®¤ ¯®¤â¢¥à¦¤¥− à¥§ã«ìâ�â�¬¨ ç¨á«¥−−ëå
íªá¯¥à¨¬¥−â®¢ ¨ ¯à®¨««îáâà¨à®¢�− −� à¨á. 2 ¨ 3.

�� à¨á. 2 ¨ 3 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ç¨á«¥−−®£® à�áç¥â� ¨áª®¬ëå ¯�-
à�¬¥âà®¢ ν ¨ σ ¯®áà¥¤áâ¢®¬ ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤� ¬�ªá¨¬ã¬� ¯à�¢¤®-
¯®¤®¡¨ï ¤«ï à�§«¨ç−ëå §−�ç¥−¨© ®â−®è¥−¨ï á¨£−�«� ª èã¬ã á æ¥«ìî ¡®«¥¥
â®ç−®£® ¢ëï¢«¥−¨ï £à�−¨æ ¯à¨¬¥−¨¬®áâ¨ ¤�−−®£® ¬¥â®¤�. —¨á«¥−−ë© íªá¯¥à¨-
¬¥−â ¯à®¢®¤¨«áï á«¥¤ãîé¨¬ ®¡à�§®¬. ƒ¥−¥à¨à®¢�«¨áì ¤�−−ë¥, ¯®¤ç¨−ïîé¨¥áï
à�á¯à¥¤¥«¥−¨î ÷�©á�, ¤«ï à�§«¨ç−ëå ¨áå®¤−® §�¤�−−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢
á¨£−�«�: áà¥¤−¥© ¢¥«¨ç¨−ë ν ¨ áâ�−¤�àâ−®£® ®âª«®−¥−¨ï σ. ˆá¯®«ì§ãï ¤�−−ë¥
¢ë¡®à®ª §−�ç¥−¨© á¨£−�«� xi (i = 1, . . . , n), à�ááç¨âë¢�«¨áì ¢ëè¥ãª�§�−−ë¥
áâ�â¨áâ¨ç¥áª¨¥ ¯�à�¬¥âàë −� ®á−®¢¥ à�§à�¡®â�−−®£® ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® �«-
£®à¨â¬�: ¯ãâ¥¬ à¥è¥−¨ï ¯¥à¢®£® ¨§ ãà�¢−¥−¨© ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï (4) ¤«ï
®¯à¥¤¥«¥−¨ï ν ¨ §�â¥¬ ¢ëç¨á«¥−¨ï ¯�à�¬¥âà� σ −� ®á−®¢¥ ¢â®à®£® ãà�¢−¥−¨ï (4).
�®«ãç¥−−ë¥ à�áç¥â−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ν ¨ σ ¯à¥¤áâ�¢«¥−ë −� à¨á. 2 ¨ 3:
à�áç¥â−ë¥ §−�ç¥−¨ï ¤«ï ¯�à�¬¥âà� ν ¯à¥¤áâ�¢«¥−ë −� à¨á. 2, � { 2, ¢, � §−�ç¥-
−¨ï ¤«ï ¯�à�¬¥âà� σ ¯à¥¤áâ�¢«¥−ë −� à¨á. 3, � { 3, ¢. ƒà�ä¨ª¨ −� à¨á. 2 ¨ 3
á®®â¢¥âáâ¢ãîâ á«¥¤ãîé¨¬ ãá«®¢¨ï¬: ¨áå®¤−ë¥ §−�ç¥−¨ï ®¡®¨å ¯�à�¬¥âà®¢ ν ¨ σ
¨§¬¥−ï«¨áì ¢ ¤¨�¯�§®−¥ ®â 0,2 ¤® 3,0 á è�£®¬ 0,2 (¯® ®á¨ �¡áæ¨áá ®â¬¥ç¥−ë
â®çª¨ ®âáç¥â�). „«¨−� ¢ë¡®àª¨ n á®áâ�¢«ï«� 16, ¢ëç¨á«¥−¨ï ãáà¥¤−ï«¨áì ¯®
50 ¢ë¡®àª�¬.

�� à¨á. 2, � { 2, ¢ ¯®ª�§�−ë §�¢¨á¨¬®áâ¨ ®âª«®−¥−¨ï à�áç¥â−ëå §−�ç¥−¨© ν
(èâà¨å®¢ë¥ ªà¨¢ë¥) ®â à¥�«ì−®©, ¨áå®¤−® §�¤�−−®© ¢¥«¨ç¨−ë íâ®£® ¯�à�¬¥âà�
(á¯«®è−�ï ¯àï¬�ï «¨−¨ï) ¯à¨ à�§«¨ç−ëå ¨áå®¤−ëå §−�ç¥−¨ïå ¯�à�¬¥âà� σ, â. ¥.
¢ à�§«¨ç−ëå á¥ç¥−¨ïå σ = const. �âª«®−¥−¨¥ èâà¨å®¢®© ªà¨¢®© ®â á¯«®è−®©
¯àï¬®© å�à�ªâ¥à¨§ãîâ â®ç−®áâì à�áç¥â®¢. �à¨ ¯¥à¥å®¤¥ ª ª�¦¤®¬ã ¯®á«¥¤ãîé¥-
¬ã £à�ä¨ªã ®â à¨á. 2, � ¤® 2, ¢ ®â−®è¥−¨¥ á¨£−�«� ª èã¬ã ν/σ ã¢¥«¨ç¨¢�¥âáï
®¡à�â−® ¯à®¯®àæ¨®−�«ì−® σ, ¯à¨ íâ®¬ â®ç−®áâì à�áç¥â®¢ â®¦¥ ã¢¥«¨ç¨¢�¥âáï.
Šà®¬¥ â®£®, §�¢¨á¨¬®áâì â®ç−®áâ¨ ®â ®â−®è¥−¨ï ν/σ ¬®¦−® ¯à®á«¥¤¨âì −� ª�¦¤®¬
¨§ ¯à¥¤áâ�¢«¥−−ëå £à�ä¨ª®¢ −� à¨á. 2, � { 2, ¢: ¯à¨ ¯¥à¥¬¥é¥−¨¨ á«¥¢� −�¯à�¢®
¢¤®«ì à�áç¥â−ëå ªà¨¢ëå, â. ¥. á à®áâ®¬ ¯�à�¬¥âà� ν, ¯à®¨áå®¤¨â ã¢¥«¨ç¥−¨¥
®â−®è¥−¨ï á¨£−�«� ª èã¬ã ¨ â®ç−®áâì à�áç¥â®¢ §�¬¥â−® à�áâ¥â.

�� à¨á. 3, � { 3, ¢ ¯®ª�§�−ë §�¢¨á¨¬®áâ¨ ®âª«®−¥−¨ï à�áç¥â−ëå §−�ç¥−¨© ¯�-
à�¬¥âà� σ (èâà¨å®¢ë¥ ªà¨¢ë¥) ®â à¥�«ì−ëå, ¨áå®¤−® §�¤�−−ëå §−�ç¥−¨© íâ®£®
¯�à�¬¥âà� (á¯«®è−ë¥ ¯àï¬ë¥ «¨−¨¨) ¯à¨ à�§«¨ç−ëå ¨áå®¤−ëå §−�ç¥−¨ïå ¯�à�-
¬¥âà� ν, â. ¥. ¢ à�§«¨ç−ëå á¥ç¥−¨ïå ν = const. �âª«®−¥−¨¥ èâà¨å®¢®© ªà¨¢®©
®â á¯«®è−®© ¯àï¬®© −� ®¡®¨å £à�ä¨ª�å å�à�ªâ¥à¨§ãîâ â®ç−®áâì à�áç¥â®¢. �à¨
¯¥à¥å®¤¥ ª ª�¦¤®¬ã ¯®á«¥¤ãîé¥¬ã £à�ä¨ªã −� à¨á. 3, � { 3, ¢ ®â−®è¥−¨¥ á¨£−�«�
ª èã¬ã à�áâ¥â ¯à®¯®àæ¨®−�«ì−® ¢¥«¨ç¨−¥ ¯�à�¬¥âà� ν. Š�ª ¨ ¢ á«ãç�¥ §�¢¨á¨¬®-
áâ¥©, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 2, £à�ä¨ª¨ −� à¨á. 3 ¨««îáâà¨àãîâ §�¢¨á¨¬®áâì
â®ç−®áâ¨ à�áç¥â®¢ ®â §−�ç¥−¨ï ®â−®è¥−¨ï á¨£−�«� ª èã¬ã: á à®áâ®¬ ¯�à�¬¥âà� σ
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÷¨á. 2 ÷¥§ã«ìâ�âë ç¨á«¥−−®£® à�áç¥â�
¯�à�¬¥âà� ν ¯®áà¥¤áâ¢®¬ ¤¢ãå¯�à�¬¥âà¨-
ç¥áª®£® ¬¥â®¤� ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï.
�� £à�ä¨ª�å ν ¨§¬¥−ï¥âáï ¢ ¤¨�¯�§®−¥ ®â
0,2 ¤® 3,0 á è�£®¬ 0,2, n = 16: (a) σ = 1,2;
(¡) 0,8; (¢) σ = 0,4

÷¨á. 3 ÷¥§ã«ìâ�âë ç¨á«¥−−®£® à�áç¥â�
¯�à�¬¥âà� σ ¯®áà¥¤áâ¢®¬ ¤¢ãå¯�à�¬¥âà¨-
ç¥áª®£® ¬¥â®¤� ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï.
�� £à�ä¨ª�å σ ¨§¬¥−ï¥âáï ¢ ¤¨�¯�§®−¥ ®â
0,2 ¤® 3,0 á è�£®¬ 0,2, n = 16: (a) ν = 1;
(¡) 2; (¢) σ = 3
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(¯à¨ ¯¥à¥¬¥é¥−¨¨ á«¥¢� −�¯à�¢® ¢¤®«ì à�áç¥â−ëå ªà¨¢ëå) ¯à®¨áå®¤¨â á−¨¦¥−¨¥
®â−®è¥−¨ï á¨£−�«� ª èã¬ã ¨ â®ç−®áâì à�áç¥â®¢ §�¬¥â−® ¯�¤�¥â.

�®¢ëè¥−¨¥ â®ç−®áâ¨ à�áç¥â®¢ ¯�à�¬¥âà®¢ ν ¨ σ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®-
¯®¤®¡¨ï á à®áâ®¬ ®â−®è¥−¨ï á¨£−�«� ª èã¬ã ®¡ãá«®¢«¥−® â¥¬, çâ® á à®áâ®¬ ν/σ
¬�ªá¨¬ã¬ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï áâ�−®¢¨âáï ¡®«¥¥ ¢ëà�¦¥−−ë¬ (á¬. à¨á. 1),
¯à¨®¡à¥â�¥â ¡®«¥¥ ®áâàãî ä®à¬ã, çâ® ¢«¥ç¥â §� á®¡®© ¯®¢ëè¥−¨¥ â®ç−®áâ¨ à�áç¥â�
á®®â¢¥âáâ¢ãîé¨å ¤�−−®¬ã ¬�ªá¨¬ã¬ã §−�ç¥−¨© ν ¨ σ.

„àã£®© ¢�¦−ë© ¢ë¢®¤, á«¥¤ãîé¨© ¨§ £à�ä¨ª®¢, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 2
¨ 3, á®áâ®¨â ¢ â®¬, çâ® â®ç−®áâì ®æ¥−ª¨ ¯�à�¬¥âà� áà¥¤−¥© ¢¥«¨ç¨−ë á¨£-
−�«� ν ¯®áà¥¤áâ¢®¬ ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤� ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï
§�¬¥â−® −¨¦¥, ç¥¬ â®ç−®áâì ®æ¥−ª¨ ¯�à�¬¥âà� áâ�−¤�àâ−®£® ®âª«®−¥−¨ï σ.
Šà®¬¥ â®£®, ª�ª á«¥¤ã¥â ¨§ £à�ä¨ª®¢ −� à¨á. 2, â®ç−®áâì ¬¥â®¤� áãé¥áâ¢¥−-
−® ¯®¢ëè�¥âáï −�ç¨−�ï á −¥ª®â®à®£® £à�−¨ç−®£® §−�ç¥−¨ï ®â−®è¥−¨ï á¨£−�-
«� ª èã¬ã ν/σ, ¯à¨ç¥¬ ¤«ï ®æ¥−ª¨ ¯�à�¬¥âà� ν á®®â¢¥âáâ¢ãîé¨© ¤�−−®¬ã
£à�−¨ç−®¬ã §−�ç¥−¨î ¤¨�¯�§®− ®â−®á¨â¥«ì−® ¢ëá®ª®© â®ç−®áâ¨ ®¯à¥¤¥«ï¥âáï
á®®â−®è¥−¨¥¬ ν/σ ≥ 2, ¢ â® ¢à¥¬ï ª�ª ¤«ï ®æ¥−ª¨ ¯�à�¬¥âà� σ ¤¨�¯�§®−
¢ëá®ª®© â®ç−®áâ¨ à�áç¥â®¢ −¥áª®«ìª® ¡®«ìè¥: ν/σ ≥ 1,5. �â®â ¢ë¢®¤ −¥
ï¢«ï¥âáï −¥®¦¨¤�−−ë¬: ®− á«¥¤ã¥â ¨§ ®á®¡¥−−®áâ¥© ä®à¬ë äã−ªæ¨¨ ¯à�¢¤®-
¯®¤®¡¨ï ª�ª äã−ªæ¨¨ ¯�à�¬¥âà®¢ ν ¨ σ, ª®â®àë¥ ®â¬¥ç�«¨áì ¢ ª®¬¬¥−â�à¨ïå
ª à¨á. 1: å�à�ªâ¥à−�ï è¨à¨−� äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ª�ª äã−ªæ¨¨ ¯�à�-
¬¥âà� ν (¢ á¥ç¥−¨ïå σ = const) §�¬¥â−® ¡®«ìè¥, ç¥¬ å�à�ªâ¥à−�ï è¨à¨−�
äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ª�ª äã−ªæ¨¨ ¯�à�¬¥âà� áâ�−¤�àâ−®£® ®âª«®−¥−¨ï σ
(¯à¨ ν = const). �â® à�§«¨ç¨¥ ¢«¥ç¥â §� á®¡®© à�§«¨ç¨¥ ¢ â®ç−®áâ¨ ®¯à¥¤¥-
«¥−¨ï íâ¨å ¯�à�¬¥âà®¢ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï, � ¨¬¥−−®: â®ç−®áâì
®¯à¥¤¥«¥−¨ï σ ª�ª �à£ã¬¥−â� ¡®«¥¥ ã§ª®© äã−ªæ¨¨ ¢ á¥ç¥−¨¨ ν = const ¯à¥-
¢ëè�¥â â®ç−®áâì ®¯à¥¤¥«¥−¨ï ν ª�ª �à£ã¬¥−â� á ¡®«ìè¥© å�à�ªâ¥à−®© è¨à¨−®©
äã−ªæ¨¨ ¢ á¥ç¥−¨¨ σ = const, çâ® ¨ ¯®¤â¢¥à¦¤�¥âáï £à�ä¨ª�¬¨ −� à¨á. 2
¨ 3.

‘ æ¥«ìî á®¯®áâ�¢«¥−¨ï â®ç−®áâ¨ ®¤−®¯�à�¬¥âà¨ç¥áª®£® ¨ ¤¢ãå¯�à�¬¥âà¨-
ç¥áª®£® ¬¥â®¤®¢ ¡ë«® ¯à®¢¥¤¥−® ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ §�¤�ç¨ �−�«¨§�
à�©á®¢áª®£® á¨£−�«�, ä®à¬¨àãîé¥£® ¬�£−¨â−®-à¥§®−�−á−®¥ ¨§®¡à�¦¥−¨¥, ãª�-
§�−−ë¬¨ ¬¥â®¤�¬¨.

�� à¨á. 4 ¨ 5 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢, −�¨¡®«¥¥
¯à¨¡«¨¦¥−−ëå ª à¥�«ì−®© á¨âã�æ¨¨ �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå ¬�£−¨â−®-à¥-
§®−�−á−®£® ¨§®¡à�¦¥−¨ï. �à¨ íâ®¬ ¯à®¨áå®¤¨â ãáà¥¤−¥−¨¥ ¯® ¡®«ìè®¬ã ç¨á«ã
¢ë¡®à®ª ¨§¬¥à¥−¨©.

—¨á«¥−−ë¥ íªá¯¥à¨¬¥−âë ¬®¤¥«¨à®¢�«¨áì ¤«ï á«¥¤ãîé¨å ãá«®¢¨©. „�−−ë¥
¢ë¡®à®ª ¨§¬¥à¥−¨© ä®à¬¨à®¢�«¨áì á ¨á¯®«ì§®¢�−¨¥¬ ¤�âç¨ª� á«ãç�©−ëå ç¨á¥«,
à�á¯à¥¤¥«¥−−ëå ¯® ÷�©áã á à�§«¨ç−ë¬¨ ¨áå®¤−ë¬¨ §−�ç¥−¨ï¬¨ ¯�à�¬¥âà®¢.
’�ª¨¬ ®¡à�§®¬ ä®à¬¨à®¢�«¨áì à�§«¨ç−ë¥ −�¡®àë ¤�−−ëå, á®®â¢¥âáâ¢ãîé¨¥
¢ë¡®àª�¬ ¨§¬¥à¥−¨©, ¯® ª®â®àë¬ ¯ãâ¥¬ à¥è¥−¨ï á®®â¢¥âáâ¢ãîé¨å ãà�¢−¥−¨©
¢ëç¨á«ï«¨áì ¨áª®¬ë¥ ¯�à�¬¥âàë: ¢ á«ãç�¥ ¤¢ãå¯�à�¬¥âà¨ç¥áª®© §�¤�ç¨ ®¡�
¯�à�¬¥âà� à�ááç¨âë¢�«¨áì ¯ãâ¥¬ à¥è¥−¨ï á¨áâ¥¬ë ãà�¢−¥−¨© (4), � à�áç¥â ¯�-
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÷¨á. 4 ƒà�ä¨ª¨, å�à�ªâ¥à¨§ãîé¨¥ á¬¥é¥−¨¥ («¥¢ë© áâ®«¡¥æ) ¨ à�§¡à®á (¯à�¢ë©
áâ®«¡¥æ) ¤�−−ëå ¯à¨ à�áç¥â¥ ¯�à�¬¥âà� ν ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ (¯ã−ªâ¨à−ë¥ ªà¨¢ë¥)
¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª¨¬ (èâà¨å®¢ë¥ ªà¨¢ë¥) ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï: (�) n =
= 16; (¡) 64; (¢) n = 256
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÷¨á. 5 ƒà�ä¨ª¨, å�à�ªâ¥à¨§ãîé¨¥ á¬¥é¥−¨¥ («¥¢ë© áâ®«¡¥æ) ¨ à�§¡à®á (¯à�¢ë©
áâ®«¡¥æ) ¤�−−ëå ¯à¨ à�áç¥â¥ ¯�à�¬¥âà� σ ¤¢ãå¯�à�¬¥âà¨ç¥áª¨¬ ¬¥â®¤®¬ ¬�ªá¨¬ã¬�
¯à�¢¤®¯®¤®¡¨ï: (�) n = 16; (¡) 64; (¢) n = 256
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à�¬¥âà� ν ¢ ®¤−®¯�à�¬¥âà¨ç¥áª®¬ ¯à¨¡«¨¦¥−¨¨ ®áãé¥áâ¢«ï«áï ¯ãâ¥¬ à¥è¥−¨ï
¯¥à¢®£® ãà�¢−¥−¨ï á¨áâ¥¬ë (3).

�®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ç¨á«¥−−®£® à¥è¥−¨ï §−�ç¥−¨ï ¯�à�¬¥âà®¢ áà�¢-
−¨¢�«¨áì á ¨áå®¤−® §�¤�−−ë¬¨ §−�ç¥−¨ï¬¨, ¢ à¥§ã«ìâ�â¥ ç¥£® �−�«¨§¨à®¢�«�áì
â®ç−®áâì à¥è¥−¨ï §�¤�ç¨ ª�ª ¢ ®¤−®¯�à�¬¥âà¨ç¥áª®¬, â�ª ¨ ¢ ¤¢ãå¯�à�¬¥âà¨ç¥-
áª®¬ á«ãç�¥.

�� à¨á. 4 ¯à¨¢¥¤¥−ë £à�ä¨ª¨, ¨««îáâà¨àãîé¨¥ â®ç−®áâì à�áç¥â®¢ ¯�-
à�¬¥âà� ν ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ (¯ã−ªâ¨à−ë¥ ªà¨¢ë¥) ¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª¨¬
(èâà¨å®¢ë¥ ªà¨¢ë¥) ¬¥â®¤®¬. —¨á«¥−−ë¥ íªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì ¯à¨ à�§-
«¨ç−ëå §−�ç¥−¨ïå ¤«¨−ë ¢ë¡®àª¨: n = 16, 64 ¨ 256 −� à¨á. 4, �, 4, ¡ ¨ 4, ¢
á®®â¢¥âáâ¢¥−−®. „«ï ¢á¥å ν ¨ n ®áãé¥áâ¢«ï«®áì ¯® 105 ¨§¬¥à¥−¨©. �® ®á¨ �¡áæ¨áá
−� à¨á. 4 ®â«®¦¥−� ¨áå®¤−® §�¤�−−�ï ¢¥«¨ç¨−� ¯�à�¬¥âà� ν ¢ ¤¨�¯�§®−¥ ®â 0 ¤® 3,
¢ â® ¢à¥¬ï ª�ª ¢¥«¨ç¨−� σ ¡ë«� ¯à¨−ïâ� à�¢−®© 1, â�ª çâ® â®çª¨ ®á¨ �¡áæ¨áá
ä�ªâ¨ç¥áª¨ á®®â¢¥âáâ¢ãîâ ¢¥«¨ç¨−¥ ®â−®è¥−¨ï á¨£−�«� ª èã¬ã SNR = ν/σ.
‚ «¥¢®¬ áâ®«¡æ¥ à¨á. 4 ¯à¨¢¥¤¥−ë £à�ä¨ª¨ à�ááç¨â�−−ëå §−�ç¥−¨© ν. �âª«®-
−¥−¨¥ ªà¨¢ëå ®â ¯àï¬®© «¨−¨¨ å�à�ªâ¥à¨§ã¥â â®ç−®áâì á®¯®áâ�¢«ï¥¬ëå ®¤−®-
¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤®¢. ‚ ¯à�¢®¬ áâ®«¡æ¥ ¯à¨¢¥¤¥−ë £à�ä¨ª¨ áà¥¤−¥-
ª¢�¤à�â¨ç−ëå ®âª«®−¥−¨© ¯®«ãç¥−−ëå §−�ç¥−¨© ¯�à�¬¥âà� ν ¢ §�¢¨á¨¬®áâ¨ ®â
¢¥«¨ç¨−ë ®â−®è¥−¨ï á¨£−�«� ª èã¬ã.

�−�«®£¨ç−ë¥ ¤�−−ë¥, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ç¨á«¥−−®£® ®æ¥−¨¢�−¨ï ¯�-
à�¬¥âà� σ, ¯à¨¢¥¤¥−ë −� à¨á. 5. …áâ¥áâ¢¥−−®, çâ® ¢ ¤�−−®¬ á«ãç�¥ à¥çì ¨¤¥â
â®«ìª® ® ¤¢ãå¯�à�¬¥âà¨ç¥áª®¬ ¬¥â®¤¥. —¨á«¥−−ë¥ íªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì
¯à¨ à�§«¨ç−ëå §−�ç¥−¨ïå ¤«¨−ë ¢ë¡®àª¨: n = 16, 64 ¨ 256 −� à¨á. 5, �, 5, ¡
¨ 5, ¢ á®®â¢¥âáâ¢¥−−®. „«ï ¢á¥å ν ¨ n ®áãé¥áâ¢«ï«®áì ¯® 105 ¨§¬¥à¥−¨©. ƒà�-
ä¨ª¨, ¯à¥¤áâ�¢«¥−−ë¥ −� à¨á. 5, ¯®«ãç¥−ë ¯à¨ â¥å ¦¥ ãá«®¢¨ïå íªá¯¥à¨¬¥−â�,
ª®â®àë¥ ãª�§�−ë ¢ ª®¬¬¥−â�à¨ïå ª à¨á. 4. ƒ®à¨§®−â�«ì−�ï «¨−¨ï á®®â¢¥âáâ¢ã¥â
¨áå®¤−® §�¤�−−®¬ã §−�ç¥−¨î σ = 1. ‚ «¥¢®¬ áâ®«¡æ¥ à¨á. 5 ¯à¨¢¥¤¥−ë £à�ä¨ª¨
à�ááç¨â�−−ëå §−�ç¥−¨© σ, � ¢ ¯à�¢®¬ áâ®«¡æ¥ | £à�ä¨ª¨ áà¥¤−¥ª¢�¤à�â¨ç−ëå
®âª«®−¥−¨© ¤«ï σ ¢ §�¢¨á¨¬®áâ¨ ®â ®â−®è¥−¨ï á¨£−�«� ª èã¬ã.

’�ª¨¬ ®¡à�§®¬, £à�ä¨ç¥áª¨¥ à¥§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢, ¯à¥¤-
áâ�¢«¥−−ë¥ −� à¨á. 4 ¨ 5, ¨««îáâà¨àãîâ á«¥¤ãîé¨¥ ¢ë¢®¤ë:

(1) â®ç−®áâì à�áç¥â®¢ ¨áª®¬ëå ¯�à�¬¥âà®¢ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï
®¦¨¤�¥¬® ¢®§à�áâ�¥â á ã¢¥«¨ç¥−¨¥¬ ®â−®è¥−¨ï á¨£−�«� ª èã¬ã, � â�ª¦¥
á ã¢¥«¨ç¥−¨¥¬ ¤«¨−ë ¢ë¡®àª¨ n;

(2) à�§¡à®á ¤�−−ëå ¯à¨ à�áç¥â¥ ¨áª®¬ëå ¯�à�¬¥âà®¢ §�¬¥â−® ã¬¥−ìè�¥âáï
á ã¢¥«¨ç¥−¨¥¬ ®â−®è¥−¨ï á¨£−�«� ª èã¬ã, � â�ª¦¥ á ã¢¥«¨ç¥−¨¥¬ ¤«¨−ë
¢ë¡®àª¨ n;

(3) â®ç−®áâì à�áç¥â®¢ ¯�à�¬¥âà� ν ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ ¬¥â®¤®¬ ¯à¨ ¬�«ëå
§−�ç¥−¨ïå ®â−®è¥−¨ï á¨£−�«/èã¬ (ν < 2σ) ¯à¥¢®áå®¤¨â â®ç−®áâì à�áç¥â�
¤�−−®£® ¯�à�¬¥âà� ¤¢ãå¯�à�¬¥âà¨ç¥áª¨¬ ¬¥â®¤®¬, çâ® ¢¯®«−¥ ®¦¨¤�¥¬®
¨ ®¡êïá−ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬: ¢ ¤¢ãå¯�à�¬¥âà¨ç¥áª®© §�¤�ç¥ ¯à¨áãâ-
áâ¢ãîâ ¤¢¥ −¥¨§¢¥áâ−ë¥ ¢¥«¨ç¨−ë | §−�ç¥−¨ï ®¡®¨å ¨áª®¬ëå ¯�à�¬¥âà®¢ ν
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¨ σ, ¯à¨ íâ®¬ −� ®è¨¡ªã ¯à¨ ®æ¥−ª¥ ¯�à�¬¥âà� ν ¢ ¤¢ãå¯�à�¬¥âà¨ç¥áª®©
§�¤�ç¥ −¥¨§¡¥¦−® ¢«¨ï¥â ¨ ®è¨¡ª� ¢ ®æ¥−ª¥ ¢â®à®£® ¯�à�¬¥âà� σ, ¢ â® ¢à¥¬ï
ª�ª ¢ ®¤−®¯�à�¬¥âà¨ç¥áª®© §�¤�ç¥ ¯�à�¬¥âà σ à�áá¬�âà¨¢�¥âáï ª�ª ¨§¢¥áâ-
−ë© §�à�−¥¥, â. ¥. −� à¥§ã«ìâ�â à�¡®âë âà�¤¨æ¨®−−®£® ¬¥â®¤� −¥ ®ª�§ë¢�¥â
¢«¨ï−¨ï ¯®£à¥è−®áâì ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà� σ. ‚ íâ®© á¢ï§¨ æ¥«¥á®®¡à�§-
−® ¥é¥ à�§ ¯®¤ç¥àª−ãâì, çâ® á«ãç�© ¥¤¨−áâ¢¥−−®£® −¥¨§¢¥áâ−®£® ¯�à�¬¥âà�
−� ¯à�ªâ¨ª¥ −¨ª®£¤� −¥ à¥�«¨§ã¥âáï, ¯®áª®«ìªã σ −¨ª®£¤� −¥«ì§ï áç¨â�âì
¨§¢¥áâ−ë¬ �¯à¨®à¨, ¨ ¯®íâ®¬ã ¨««îáâà¨àã¥¬®¥ à¨á. 4 áà�¢−¥−¨¥ ï¢«ï¥âáï
¢¥áì¬� ãá«®¢−ë¬;

(4) ¯à¨ ¤®áâ�â®ç−® ¡®«ìè¨å §−�ç¥−¨ïå á¨£−�«� (ν ≥ 2σ) à¥§ã«ìâ�â ¤¢ãå¯�-
à�¬¥âà¨ç¥áª®£® ¬¥â®¤� ¯® ®¯à¥¤¥«¥−¨î ¯�à�¬¥âà� á¨£−�«� ν áâ�−®¢¨âáï
¯à�ªâ¨ç¥áª¨ −¥®â«¨ç¨¬ë¬ ®â à¥§ã«ìâ�â� âà�¤¨æ¨®−−®£® ¬¥â®¤� ¯à¨ â¥å ¦¥
§−�ç¥−¨ïå n. —â® ª�á�¥âáï ®¯à¥¤¥«¥−¨ï ¢â®à®£® ¯�à�¬¥âà� §�¤�ç¨ | ¯�-
à�¬¥âà� áâ�−¤�àâ−®£® ®âª«®−¥−¨ï σ, â® â®ç−®áâì ¥£® à�áç¥â� áãé¥áâ¢¥−−®
¯®¢ëè�¥âáï ã¦¥ ¯à¨ ν ≥ 1,5σ.

‚�¦−�ï ®á®¡¥−−®áâì ¯®«ãç¥−−ëå ç¨á«¥−−ëå à¥§ã«ìâ�â®¢, á®áâ®ïé�ï ¢ â®¬,
çâ® ª�ª á¬¥é¥−¨¥, â�ª ¨ à�§¡à®á §−�ç¥−¨© ¢ëç¨á«¥−−®£® ¯�à�¬¥âà� ¬�â¥¬�â¨-
ç¥áª®£® ®¦¨¤�−¨ï ν §−�ç¨â¥«ì−® à�áâãâ á ã¬¥−ìè¥−¨¥¬ ¢¥«¨ç¨−ë ®â−®è¥−¨ï
á¨£−�«� ª èã¬ã, å�à�ªâ¥à−� ¤«ï ®¡®¨å ¨áá«¥¤ã¥¬ëå ¢�à¨�−â®¢ ®æ¥−ª¨ ¯�à�¬¥â-
à®¢ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï (®¤−®- ¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª®£®). Š�ª
®â¬¥ç�«®áì ¢ëè¥, íâ® ®¡êïá−ï¥âáï ®á®¡¥−−®áâï¬¨ ä®à¬ë äã−ªæ¨¨ ¯à�¢¤®¯®¤®-
¡¨ï, ¯®ª�§�−−®© −� à¨á. 1, � â�ª¦¥ £à�ä¨ª®¢ á¥ç¥−¨ï íâ®© äã−ªæ¨¨ ¯«®áª®áâï¬¨
σ = const: ç¥¬ ¬¥−ìè¥ ®â−®è¥−¨¥ á¨£−�«� ª èã¬ã, â¥¬ ¬¥−¥¥ ¢ëà�¦¥− ¬�ªá¨¬ã¬
äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï, å®âï íâ®â ¬�ªá¨¬ã¬ ¢á¥£¤� áãé¥áâ¢ã¥â.

4 Заключение

‚ à�¡®â¥ à�áá¬®âà¥−� §�¤�ç� ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® �−�«¨§� ¬�£−¨â−®-à¥-
§®−�−á−®£® ¨§®¡à�¦¥−¨ï ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï ¢ á®¯®áâ�¢«¥−¨¨
á âà�¤¨æ¨®−−® ¨á¯®«ì§ã¥¬ë¬ ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ ¯à¨¡«¨¦¥−¨¥¬. �®ª�§�−�
�¤¥ª¢�â−®áâì ¤¢ãå¯�à�¬¥âà¨ç¥áª®© ¬®¤¥«¨ ¨§ãç�¥¬®© áâ®å�áâ¨ç¥áª®© á¨áâ¥¬ë,
¯à¨−æ¨¯¨�«ì−ë¬ ®â«¨ç¨¥¬ ª®â®à®© ®â âà�¤¨æ¨®−−®© ®¤−®¯�à�¬¥âà¨ç¥áª®© ¬®¤¥-
«¨ ï¢«ï¥âáï ®âáãâáâ¢¨¥ ®£à�−¨ç¥−¨©, á¢ï§�−−ëå á ¯à¥¤¯®«®¦¥−¨¥¬ ®¡ �¯à¨®à−®©
¨§¢¥áâ−®áâ¨ ¢¥«¨ç¨−ë èã¬�. �� ®á−®¢¥ ¤¢ãå¯�à�¬¥âà¨ç¥áª®© ¬®¤¥«¨ à�§à�-
¡®â�− ¬¥â®¤ ®¤−®¢à¥¬¥−−®£® à�áç¥â� ¯�à�¬¥âà®¢ á¨£−�«� ¨ èã¬� ¢ ãá«®¢¨ïå
à�á¯à¥¤¥«¥−¨ï ÷�©á� ¯®áà¥¤áâ¢®¬ ¨á¯®«ì§®¢�−¨ï ¯à¨−æ¨¯� ¬�ªá¨¬ã¬� ¯à�¢¤®-
¯®¤®¡¨ï. �¥á®¬−¥−−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ à�§à�¡®â�−−®£® ¬¥â®¤� ï¢«ï¥âáï â®, çâ®
à�áç¥â ¨áª®¬ëå ¯�à�¬¥âà®¢ ®á−®¢ë¢�¥âáï ¨áª«îç¨â¥«ì−® −� ¤�−−ëå ¢ë¡®à®ç−ëå
¨§¬¥à¥−¨©, ¢ â® ¢à¥¬ï ª�ª â®ç−®áâì ®¤−®¯�à�¬¥âà¨ç¥áª®£® ¯®¤å®¤� −¥¨§¡¥¦−®
®£à�−¨ç¨¢�¥âáï �¯à¨®à−ë¬¨ ¯à¥¤¯®«®¦¥−¨ï¬¨ ®â−®á¨â¥«ì−® ¢¥«¨ç¨−ë èã¬�.

‚ à�¡®â¥ ¯à®¢¥¤¥−® ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ ®¤−®- ¨ ¤¢ãå¯�à�¬¥âà¨-
ç¥áª®£® ¬¥â®¤� ®¡à�¡®âª¨ à�©á®¢áª®£® á¨£−�«�, ä®à¬¨àãîé¥£® ¬�£−¨â−®-à¥-
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§®−�−á−®¥ ¨§®¡à�¦¥−¨¥. ‘®¯®áâ�¢«¥−¨¥ à¥§ã«ìâ�â®¢ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢
¯®ª�§�«®, çâ® ¯à¨ ¤®áâ�â®ç−® ¡®«ìè®© ¤«¨−¥ ¢ë¡®àª¨ ¤¢ãå¯�à�¬¥âà¨ç¥áª¨©
¬¥â®¤ ¯® â®ç−®áâ¨ −¥ ãáâã¯�¥â ®¤−®¯�à�¬¥âà¨ç¥áª®¬ã ¯à¨¡«¨¦¥−¨î.

�à¨¬¥−¨â¥«ì−® ª �−�«¨§ã ¨§®¡à�¦¥−¨© áãé¥áâ¢¥−−ë¬ ¬®¬¥−â®¬ à�§¢¨â®£®
¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤� ï¢«ï¥âáï ®âáãâáâ¢¨¥ ®£à�−¨ç¥−¨©, ¯à¨áãé¨å à¥-
è¥−¨ï¬ §�¤�ç èã¬®¯®¤�¢«¥−¨ï ¨ ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨© «¨−¥©−ë¬¨ ¬¥â®¤�¬¨,
¢ ç�áâ−®áâ¨ ¬¥â®¤�¬¨, á¢ï§�−−ë¬¨ á à¥è¥−¨ï¬¨ ãà�¢−¥−¨© ¢ ç�áâ−ëå ¯à®¨§¢®¤-
−ëå ¨ ¬¥â®¤�¬¨ ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨©. �®íâ®¬ã à�áá¬�âà¨¢�¥¬ë© ¢ à�¡®â¥
¬¥â®¤ ®¡à�¡®âª¨ ¤�−−ëå ¨ ¨§®¡à�¦¥−¨©, ®á−®¢�−−ë© −� ¯à¨−æ¨¯¥ ¬�ªá¨¬ã¬�
¯à�¢¤®¯®¤®¡¨ï, ®¡¥á¯¥ç¨¢�¥â íää¥ªâ¨¢−®¥ ¯®¤�¢«¥−¨¥ ¢ â®¬ ç¨á«¥ ¨ −¥«¨−¥©-
−ëå ¨áª�¦¥−¨©, ª ª�ª®¢ë¬ ¨ ®â−®áïâáï à�©á®¢áª¨¥ èã¬ë, å�à�ªâ¥à−ë¥ ¤«ï
¬�£−¨â−®-à¥§®−�−á−ëå ¨§®¡à�¦¥−¨©.

‚�¦−ë¬ ¤«ï ¯à�ªâ¨ç¥áª¨å ¯à¨¬¥−¥−¨© à¥§ã«ìâ�â®¬ ¯à®¢¥¤¥−−®£® ¨áá«¥¤®-
¢�−¨ï ï¢«ï¥âáï ¤®ª�§�−−�ï ¢®§¬®¦−®áâì ®¯à¥¤¥«¥−¨ï ¤¢ãå ¨áª®¬ëå ¯�à�¬¥âà®¢:
á¨£−�«� ¨ èã¬� | ¡¥§ ¯à¨¢«¥ç¥−¨ï ª�ª¨å-«¨¡® ¤®¯®«−¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì-
−ëå à¥áãàá®¢, çâ® ®¯à¥¤¥«ï¥â áãé¥áâ¢¥−−®¥ ¯à¥¨¬ãé¥áâ¢® ¤¢ãå¯�à�¬¥âà¨ç¥áª®£®
¬¥â®¤� ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−® ¨á¯®«ì§ã¥¬ë¬ ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ ¯à¨-
¡«¨¦¥−¨¥¬. �â® áâ�«® ¢®§¬®¦−ë¬ ¢ á¨«ã â®£®, çâ® â¥®à¥â¨ç¥áª®¥ à�áá¬®âà¥−¨¥
§�¤�ç¨ ¯®§¢®«¨«® á¢¥áâ¨ à¥è¥−¨¥ á¨áâ¥¬ë ¤¢ãå ãà�¢−¥−¨© á ¤¢ã¬ï −¥¨§¢¥áâ−ë¬¨
ª à¥è¥−¨î ®¤−®£® ãà�¢−¥−¨ï á ®¤−¨¬ −¥¨§¢¥áâ−ë¬.

‡−�ç¨¬ë¬ ¯à¥¨¬ãé¥áâ¢®¬ à�§¢¨â®£® ¤¢ãå¯�à�¬¥âà¨ç¥áª®£® ¬¥â®¤� ª�ª ¯®-
â¥−æ¨�«ì−®© á®áâ�¢−®© ç�áâ¨ −®¢®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨, ¨á¯®«ì§ã-
¥¬®© ¤«ï ä¨«ìâà�æ¨¨ ¤�−−ëå ¯à¨ ¬�£−¨â−®-à¥§�−�−á−®© ¢¨§ã�«¨§�æ¨¨, ï¢«ï¥âáï
¥¤¨−áâ¢¥−−®áâì à¥è¥−¨ï §�¤�ç¨ ¬¥â®¤®¬ ¬�ªá¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï. �â® ¨¬¥¥â
áãé¥áâ¢¥−−®¥ §−�ç¥−¨¥ ¤«ï ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï: â�ª, ¯®«ãç¥−¨¥ ¯¥à¢®£®
ç¨á«¥−−®£® à¥è¥−¨ï ãà�¢−¥−¨ï ¤«ï ¯�à�¬¥âà� ν ®§−�ç�¥â ¢®§¬®¦−®áâì ¯à¥àë-
¢�−¨ï ¯à®æ¥¤ãàë ç¨á«¥−−®£® à�áç¥â�, â�ª ª�ª ¯®«ãç¥−−®¥ à¥è¥−¨¥ ï¢«ï¥âáï
¥¤¨−áâ¢¥−−ë¬. ‚ ®âáãâáâ¢¨¥ ¤®ª�§�â¥«ìáâ¢� ¥¤¨−áâ¢¥−−®áâ¨ íâ® ¡ë«® ¡ë −¥¢®§-
¬®¦−® ¨ ¤«ï à¥è¥−¨ï §�¤�ç¨ ¯®âà¥¡®¢�«¨áì ¡ë §−�ç¨â¥«ì−® ¡‚®«ìè¨¥ à¥áãàáë
ª®¬¯ìîâ¥à−®£® ¢à¥¬¥−¨ ¨ ¡®«ìè¨¥ ®¡ê¥¬ë ¢ëç¨á«¥−¨©.

’�ª¨¬ ®¡à�§®¬, ¨áá«¥¤®¢�−−ë© ¢ à�¡®â¥ ¤¢ãå¯�à�¬¥âà¨ç¥áª¨© ¬¥â®¤ ¬�ª-
á¨¬ã¬� ¯à�¢¤®¯®¤®¡¨ï, «¥¦�é¨© ¢ ®á−®¢¥ −®¢®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨,
¯à¥¤áâ�¢«ï¥â á®¡®© íää¥ªâ¨¢−ë© ¨−áâàã¬¥−â ¤«ï �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå
¢ ãá«®¢¨ïå à�á¯à¥¤¥«¥−¨ï ÷�©á�, ¢ ç�áâ−®áâ¨ ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ä¨«ìâà�æ¨¨
¬�£−¨â−®-à¥§®−�−á−®£® ¨§®¡à�¦¥−¨ï, ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© §−�ç¨¬ë© è�£ ¢¯¥à¥¤
¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−® ¨á¯®«ì§ã¥¬ë¬ ®¤−®¯�à�¬¥âà¨ç¥áª¨¬ ¯à¨¡«¨¦¥-
−¨¥¬.
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TWO-PARAMETRIC ANALYSIS OF MAGNETIC-RESONANCE
IMAGES BY THE MAXIMUM LIKELIHOOD TECHNIQUE

IN COMPARISON WITH THE ONE-PARAMETRIC
APPROXIMATION

T. V. Yakovleva and N. S. Kulberg

Dorodnicyn Computing Center, Russian Academy of Sciences, 40 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: The paper considers a method of the two-parametric analysis of
magnetic-resonance image's data which allows getting a joint estimation of both
the useful signal and the noise within the image being analyzed on the basis of
the maximum likelihood principle. This technique presents an essentially new
approach to data processing in the conditions of the Rice distribution and can
be efficiently used in information technologies for solving a wide range of tasks
connected with the Rician signals' filtering. Solving the two-parametric task
is based on measured samples' data only and is not connected with a priori
suppositions concerning the noise value which inevitably limit the precision of
the one-parametric method. By means of computer simulation, a comparative
analysis of the traditional one-parametric method and the elaborated two-
parametric method is made for estimation of the useful component of the signal
forming the magnetic-resonance image. The statistical data for the shift and
the spread of the sought-for signal and noise parameters are calculated. The
advantages of the two-parametric technique of data analysis are shown.

Keywords: Rice distribution; likelihood function; maximum likelihood method;
noise dispersion; signal-to-noise ratio

DOI: 10.14357/08696527140307

References

1. Nakagami, M. 1940. Study of resultant amplitude of many vibrations whose phases and
amplitudes are at random. Nippon Elec. Commun. Eng. 22:69{92.

2. Rice, S. O. 1944. Mathematical analysis of random noise. Bell Syst. Tech. J. 23:282.
3. Henkelman, R. M. 1985. Measurement of signal intensities in the presence of noise in

MR images. Med. Phys. 12(2):232{233.
4. Wang, T., and T. Lei. 1994. Statistical analysis of MR imaging and its application

in image modeling. IEEE Conference (International) Image Processing and Neural
Networks Proceedings. I:866{870.

5. Gudbjartsson, H., and S. Patz. 1995. The Rician distribution of noisy MRI data.
Magnet. Reson. Med. 34:910{914.

6. Sijbers, J., A. J. den Dekker, P. Scheunders, and D. Van Dyck. 1998. Maximum-
likelihood estimation of Rician distribution parameters. IEEE Trans. Med. Imaging
17(3):357{361.

108 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 3



Two-parametric analysis of magnetic-resonance images by the maximum likelihood technique

7. Carobbi, C. F. M. and M. Cati. 2008. The absolute maximum of the likelihood
function of the Rice distribution: Existence and uniqueness. IEEE Trans. Instrum.
Meas. 57(4):682{689

8. Sheil, W. C. 2012. Magnetic resonance imaging (MRI scan). Available at:
MedicineNet.com. Retrieved April 27, 2012.

9. Perov, A. I. 2003. Statisticheskaya teoriya radiotekhnicheskikh system [Statistical
theory of radio-technical systems]. Moscow: Radiotechnika. 400 p.

10. Marcum, J. I., and P. Swelling. 1960. Studies of target detection by pilsed radar. IRE
Trans. Inform. IT-6:59{267.

11. Gardner, L. A. 1966. Statistical methods for the analysis of reentry vehicle radar data.
Lexington: M.I.T. Lincoln Lab. Part 1. Mass. Tech. Note 1966-5.

12. Talukdar, K. K., and W. D. Lawing. 1991. Estimation of the parameters of Rice
distribution. J. Acoust. Soc. Am. 89(3):1193{1197.

13. Stuber, G. L. 2001. Principles of mobile communication.2nd ed. Norwell, MA: Kluwer.
752 p.

14. Yakovleva, T. V., and A. V. Knyaz'kov. 2014. Dvukhparametricheskiy metod momen-
tov obrabotki rezul'tatov periodicheskoy modulyatsii otrazhennogo sveta dlya otsenki
EO koeffitsientov [Two-parametric method of moments for processing the results of
the reflected light's periodical modulation at electrooptical coefficients' estimation].
Conference \Lasers Measurements Information" Proceedings. St. Petersburg. 39.

15. Benedict, T. R., and T. T. Soong. 1967. The joint estimation of signal and noise from
the sum envelope. IEEE Trans. Inform. Theory IT-13(3):447{454.

16. Yakovleva, T. V., and N. S. Kulberg. 2013. Noise and signal estimation in MRI:
Two-parametric analysis of Rice-distributed data by means of the maximum likelihood
approach. Am. J. Theor. Appl. Stat. 2(3):67{79.

17. Yakovleva, T. V., and N. S. Kulberg. 2014. Osobennosti funktsii pravdopodobiya
statisticheskogo raspredeleniya Raysa [The likelihood function's peculiarities for Rice
statistical dictribution]. Dokl. RAS 457(4):1{4.

18. Yakovleva, T. V. 2014. Usloviya primenimosti statisticheskoy modeli Raysa i raschet
parametrov Raysovskogo signala metodom maksimuma pravdopodobiya [Conditions of
Rice statistical model applicability and estimation of the Rician signal's parameters
by maximum likelihood technique]. Komp'yuternye Issledovaniya i Modelirovanie
[Computer Research and Simulation] 6(1):13{25.

19. Kulberg, N. S., and T. V. Yakovleva. 2014. Raschet parametrov Raysovskogo signala
metodami matematicheskoy statistiki [Calculation of Rician signal's parameters by the
methods of mathematical statistics]. Certificate on the state registration of the computer
program No. 2014616282 of 19.06.2014, owner: CCAS.

Received June 09, 2014

Contributors

Yakovleva Tatiana V. (b. 1956) | Candidate of Science (PhD) in physics and
mathematics, senior scientist, Dorodnicyn Computing Center, Russian Academy of
Sciences, 40 Vavilov Str., Moscow 119333, Russian Federation; yakovleva@ccas.ru
Kulberg Nicholas S. (b. 1970) | Candidate of Science (PhD) in physics and math-
ematics, senior scientist, Dorodnicyn Computing Center, Russian Academy of Sci-
ences, 40 Vavilov Str., Moscow 119333, Russian Federation; kulberg@yandex.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 3 109



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2014. ’. 24. ü 3. ‘. 110{120

СВОЙСТВА ОКОННОЙ ДИСПЕРСИИ МИОГРАММЫ
КАК СЛУЧАЙНОГО ПРОЦЕССА

М. Ш. Хазиахметов1

�−−®â�æ¨ï: ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢¥¤¥âáï §−�ç¨â¥«ì−ë© ®¡ê¥¬ à�¡®â ¯® ¨á-
á«¥¤®¢�−¨î �ªâ¨¢−®áâ¨ £®«®¢−®£® ¬®§£�. �¤¨− ¨§ ¯®¤å®¤®¢ ¢ −¨å | ¬¥-
â®¤ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢: ¨á¯ëâã¥¬ë© ¬−®£®ªà�â−® ¯®¢â®àï¥â −¥ª®â®àë¥
¤¥©áâ¢¨ï, � ¥£® ¬®§£®¢�ï �ªâ¨¢−®áâì ¨ −¥ª®â®àë¥ ¢á¯®¬®£�â¥«ì−ë¥ á¨£−�«ë
§�¯¨áë¢�îâáï ¨ §�â¥¬ �−�«¨§¨àãîâáï á æ¥«ìî ¢ëï¢«¥−¨ï −¥®¡å®¤¨¬ëå §�-
¢¨á¨¬®áâ¥©. ‚ àï¤¥ à�¡®â, ¢ë¯®«−¥−−ëå �¢â®à®¬ á®¢¬¥áâ−® á ª®««¥£�¬¨,
à�áá¬�âà¨¢�îâáï �«£®à¨â¬ë «®ª�«¨§�æ¨¨ ®¯®à−ëå â®ç¥ª ¢ ¬¨®£à�¬¬¥ (¨ −¥-
ª®â®àëå ¤àã£¨å á¨£−�«�å), á®®â¢¥âáâ¢ãîé¨å −�ç�«�¬ ¤¢¨¦¥−¨ï ¢ ª®−ªà¥â−®¬
íªá¯¥à¨¬¥−â¥, ¢ ª®â®à®¬ ç¥«®¢¥ª á®¢¥àè�¥â ¤¢¨¦¥−¨¥ ¯�«ìæ¥¬ àãª¨. ’®ç−®áâì
®¯à¥¤¥«¥−¨ï íâ¨å â®ç¥ª ªà¨â¨ç−� ¤«ï ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ¬�£−¨â®í−æ¥ä�-
«®£à�¬¬ë (Œ�ƒ). ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï â¥®à¥â¨ç¥áª¨¥ �á¯¥ªâë
¤�−−ëå �«£®à¨â¬®¢, � ¨¬¥−−® á¢®©áâ¢� ¬¨®£à�¬¬ë ¨ ¥¥ ®ª®−−®© ¤¨á¯¥àá¨¨
ª�ª á«ãç�©−ëå ¯à®æ¥áá®¢.

Š«îç¥¢ë¥ á«®¢�: ¢ë¡®à®ç−�ï ®ª®−−�ï ¤¨á¯¥àá¨ï; ¬¨®£à�¬¬�; ¬�£−¨â®í−æ¥-
ä�«®£à�¬¬�

DOI: 10.14357/08696527140308

1 Введение

�à¨¢¥¤¥¬ áå¥¬ã íªá¯¥à¨¬¥−â�, ¯®àï¤®ª à�¡®âë á ¯®«ãç¥−−ë¬¨ ¢ ¥£® å®¤¥
¤�−−ë¬¨, � â�ª¦¥ ªà�âª®¥ ®¯¨á�−¨¥ à�áá¬�âà¨¢�¥¬ëå �«£®à¨â¬®¢ −�å®¦¤¥−¨ï
®¯®à−ëå â®ç¥ª.

ˆá¯ëâã¥¬ë© ª«�¤¥â «�¤®−ì −� áâ®« ¨ ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å ¬¨−ãâ ¢ë¯®«−ï¥â
®¤−® ¨ â® ¦¥ ¤¢¨¦¥−¨¥ | ã¤�à ãª�§�â¥«ì−ë¬ ¯�«ìæ¥¬ ¯® ¥£® ¯®¢¥àå−®áâ¨.
�à¨ íâ®¬ ¯à®¨§¢®¤¨âáï §�¯¨áì ¬®§£®¢®© �ªâ¨¢−®áâ¨ (Œ�ƒ-á¨£−�«), ¬ëè¥ç−®©
¤¥ïâ¥«ì−®áâ¨ (¬¨®£à�¬¬�). „®¯®«−¨â¥«ì−® â�ª¦¥ ¬®£ãâ ¡ëâì §�¯¨á�−ë ãáª®à¥−¨¥
¯�«ìæ� (á¨£−�« �ªá¥«¥à®¬¥âà�) ¨ ¯¥à¨®¤ë ª�á�−¨ï áâ®«� (á¨£−�« á ª−®¯ª¨ −�
®á−®¢¥ ä®â®í«¥¬¥−â�).

÷�§«¨ç¨âì ¯® Œ�ƒ ¯¥à¨®¤ë ¤¢¨¦¥−¨ï ¨ ¯®ª®ï −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬
¢¢¨¤ã ¬�«®£® ®â−®è¥−¨ï á¨£−�«/èã¬. ‘¤¥«�âì íâ® ¯®§¢®«ïîâ ¢á¥ ¯¥à¥ç¨á«¥−−ë¥
¢ëè¥ ¤®¯®«−¨â¥«ì−ë¥ á¨£−�«ë. �¤−�ª® ª«îç¥¢ë¬ ¯à¨ à�¡®â¥ á Œ�ƒ ¤«ï
−¥©à®ä¨§¨®«®£®¢ ï¢«ï¥âáï −¥ áâ®«ìª® á�¬ ä�ªâ ¤¢¨¦¥−¨ï, áª®«ìª® ¬®¬¥−â ¥£®

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, khaziakhmetov@yandex.ru
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‘¢®©áâ¢� ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë ª�ª á«ãç�©−®£® ¯à®æ¥áá�

−�ç�«�. �®¤ ¨áâ¨−−ë¬ ¬®¬¥−â®¬ −�ç�«� ¤¢¨¦¥−¨ï ¯®−¨¬�¥âáï ¬®¬¥−â, ª®£¤�
¬®§£ ®â¤�¥â ª®¬�−¤ã −� ¥£® ¢ë¯®«−¥−¨¥. �¯à¥¤¥«¨âì ¥£® â®ç−® −¥¢®§¬®¦−®.
‚¬¥áâ¥ á â¥¬, áç¨â�ï, çâ® ¢à¥¬ï à�á¯à®áâà�−¥−¨ï ¨¬¯ã«ìá� ®â ¬®§£� ¤® ¬ëèæë
®¤¨−�ª®¢®, ¬®¦−® ¢ ¬¥−¥¥ §�èã¬«¥−−ëå ¤®¯®«−¨â¥«ì−ëå á¨£−�«�å ¢ë¤¥«¨âì
®¯®à−ë¥ â®çª¨ (¬®¬¥−âë −�ç�«� ¯à®ï¢«¥−¨ï ¢ë§¢�−−®© �ªâ¨¢−®áâ¨) ¨ à�¡®â�âì
á −¨¬¨ (ª®−áâ�−â−®¥ á¬¥é¥−¨¥ ¯® ¢à¥¬¥−¨ −¥ ¨¬¥¥â §−�ç¥−¨ï ¢ ª®−â¥ªáâ¥ à�¡®âë
á Œ�ƒ). ‘ â®çª¨ §à¥−¨ï â®ç−®áâ¨ «®ª�«¨§�æ¨¨ ®¯®à−ëå â®ç¥ª −�¨¡®«ìèãî
æ¥−−®áâì ¯à¥¤áâ�¢«ï¥â ¬¨®£à�¬¬�: á¬¥é¥−¨¥ ¯® ¢à¥¬¥−¨ ¢ −¥© ®â−®á¨â¥«ì−®
Œ�ƒ ¬®¦−® áç¨â�âì ¯®áâ®ï−−ë¬ (ã ¤àã£¨å | −¥â) ¨ ®−® −�¨¬¥−ìè¥¥ áà¥¤¨
ãª�§�−−ëå á¨£−�«®¢; ªà®¬¥ â®£®, ¯®ª�§�−¨ï á �ªá¥«¥à®¬¥âà� ¨ ª−®¯ª¨ á−¨¬�îâáï
−¥ ¢á¥£¤�.

�¡à�¡®âª� Œ�ƒ §�ª«îç�¥âáï ¢ ãáà¥¤−¥−¨¨ ¥¥ ®âà¥§ª®¢ ¢®ªàã£ ®¯®à−ëå â®ç¥ª
á æ¥«ìî ¢ë¤¥«¥−¨ï ª�−�«� Œ�ƒ á ¬�ªá¨¬�«ì−ë¬ ®âª«¨ª®¬ | íâ®â ª�−�« á®®â-
¢¥âáâ¢ã¥â ¤�âç¨ªã, −�å®¤ïé¥¬ãáï ¡«¨¦¥ ¢á¥£® ª ®â¤¥«ã ¬®§£�, ú§�¯ãáâ¨¢è¥¬ãû
¤¢¨¦¥−¨¥. �® áãâ¨, íâ® ®¤¨− ¨§ ¬¥â®¤®¢ à¥è¥−¨ï â�ª −�§ë¢�¥¬®© ®¡à�â−®© §�-
¤�ç¨ | ®¯à¥¤¥«¥−¨ï ¬¥áâ®¯®«®¦¥−¨ï ¨áâ®ç−¨ª� á¨£−�«� ¯® ¤�−−ë¬ á ¬−®¦¥áâ¢�
¯à¨−¨¬�îé¨å ãáâà®©áâ¢. …áâì ¨ ¤àã£¨¥ ¯®¤å®¤ë ª à¥è¥−¨î íâ®© §�¤�ç¨ (á¬.,
−�¯à¨¬¥à, [1, 2]).

‚ë¤¥«¥−¨¥ ®¯®à−ëå â®ç¥ª ¯® á¨£−�«ã á ª−®¯ª¨ −¨ª�ª¨å ¯à®¡«¥¬ −¥ ¢ë§ë¢�¥â.
‚á¥ ¤�«ì−¥©è¥¥ à�áá¬®âà¥−¨¥ ¡ã¤¥â ¯à®¨§¢®¤¨âìáï ¤«ï ¬¨®£à�¬¬ë, â�ª ª�ª
®¡à�¡®âª� ¤�−−ëå �ªá¥«¥à®¬¥âà� ¯à®¨§¢®¤¨âáï â®ç−® â�ª ¦¥.

�«£®à¨â¬ «®ª�«¨§�æ¨¨ ®¯®à−ëå â®ç¥ª, ¢ë¡à�−−ë© ¢ ª�ç¥áâ¢¥ ¡�§®¢®£®, áà�¢-
−¨â¥«ì−® ¯à®áâ ¨ ®á−®¢�− −� â®¬ ä�ªâ¥, çâ® §−�ç¥−¨ï ¬¨®£à�¬¬ë ¢ á®áâ®ï−¨¨
¯®ª®ï ¨ ¤¢¨¦¥−¨ï §�¬¥â−® ®â«¨ç�îâáï. ‚áï ¬¨®£à�¬¬� à�áá¬�âà¨¢�¥âáï ª�ª
á«ãç�©−ë© ¯à®æ¥áá Mt, ¤«ï ª®â®à®£® áâà®¨âáï ®ª®−−�ï ¤¨á¯¥àá¨ï Wn,t (n |
è¨à¨−� ®ª−�), | íâ® ãá¨«¨¢�¥â ®â«¨ç¨ï ¢ §−�ç¥−¨ïå ¨ ¨§¡�¢«ï¥â ®â âà¥−¤®¢,
¯à¨ç¥¬ à¥§ª¨© à®áâ ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë (�„Œ) ¡ã¤¥â −�ç¨−�âìáï
¨¬¥−−® ¢ ¬®¬¥−â ¯¥à¥å®¤� ¯à®æ¥áá� ¨§ ®¤−®£® á®áâ®ï−¨ï ¢ ¤àã£®¥. „�«¥¥ áâà®¨âáï
í¬¯¨à¨ç¥áª�ï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï (�”÷) �„Œ, ¯® ª®â®à®© ¢ëç¨á«ï¥âáï
ª¢�−â¨«ì ¤®áâ�â®ç−® ¢ëá®ª®£® ¯®àï¤ª�. ‚á¥ ¬®¬¥−âë ¯¥à¥á¥ç¥−¨ï ®âà¥§ª®¢
¢®§à�áâ�−¨ï �„Œ ¨ ª¢�−â¨«¨ ¯®á«¥ ®ç¥¢¨¤−ëå ä¨«ìâà�æ¨© (−¥®¡å®¤¨¬® ¨á-
ª«îç¨âì ®ç¥−ì ¡«¨§ª¨¥ â®çª¨) áç¨â�îâáï ®¯®à−ë¬¨ â®çª�¬¨. �®«¥¥ ¯®¤à®¡−®¥
à�áá¬®âà¥−¨¥ ¯à¨¢¥¤¥−® ¢ [3, 4].

�à�ªâ¨ª� ¨á¯®«ì§®¢�−¨ï ¤�−−®£® �«£®à¨â¬� ¯®ª�§�«�, çâ® ®− âà¥¡®¢�â¥«¥−
ª ¢ë¡®àã ª¢�−â¨«¨. �® ¤�¦¥ áà�¢−¨â¥«ì−® ã¤�ç−ë© ¢ë¡®à ¤«ï ª®−ªà¥â−®£®
¨á¯ëâã¥¬®£® ¢á¥ à�¢−® ¬®¦¥â ¯à¨¢®¤¨âì ª ¯®â¥à¥ §−�ç¨â¥«ì−®£® ç¨á«� ®¯®à−ëå
â®ç¥ª «¨¡®, −�®¡®à®â, ª ¡®«ìè®¬ã ç¨á«ã «®¦−ëå áà�¡�âë¢�−¨©. �â® á¢ï-
§�−® á ¨§−�ç�«ì−®© −¥®¤−®à®¤−®áâìî ¤�−−ëå | å�à�ªâ¥à ¤¢¨¦¥−¨© ç¥«®¢¥ª�
¢ å®¤¥ íªá¯¥à¨¬¥−â� ¬¥−ï¥âáï (å®âï ¡ë ¨§-§� â®£®, çâ® ®− ¯®áâ¥¯¥−−® ãáâ�¥â),
áª®«ì-−¨¡ã¤ì ®¤¨−�ª®¢ë â®«ìª® −¥áª®«ìª® ¯®á«¥¤®¢�â¥«ì−ëå ¤¢¨¦¥−¨© (ç¥«®-
¢¥ª� ¯à¥¤ã¯à¥¦¤�îâ ® −¥®¡å®¤¨¬®áâ¨ ¤¥«�âì ®¤¨−�ª®¢ë¥ ¤¢¨¦¥−¨ï, −�áª®«ìª®
íâ® ¢®§¬®¦−®). “ª�§�−−ë¥ á¢®©áâ¢� ¡ë«¨ ¯à�ªâ¨ç¥áª¨ ãáâ�−®¢«¥−ë ¢ å®¤¥
¢ë¯®«−¥−¨ï à�¡®âë [5].
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Œ®¤¨ä¨æ¨à®¢�−−�ï ¢¥àá¨ï �«£®à¨â¬� (¯®¤à®¡−®¥ à�áá¬®âà¥−¨¥ ¢ [6]) ¯à¨
¯®¬®é¨ áà�¢−¨â¥«ì−® ¢ëá®ª®© ª¢�−â¨«¨ −�å®¤¨â ®¯®à−ë¥ â®çª¨ ¡�§®¢ë¬ �«£®-
à¨â¬®¬ (íâ¨¬ ¤®áâ¨£�¥âáï ¨§−�ç�«ì−�ï ¬�«�ï ¢¥à®ïâ−®áâì «®¦−ëå áà�¡�âë¢�−¨©).
„�«¥¥ ¯® −¨¬ ¯¥à¥à�§¡¨¢�¥â ¬¨®£à�¬¬ã −� áà�¢−¨â¥«ì−® ª®à®âª¨¥ ®âà¥§ª¨ (â�ª,
çâ®¡ë ¤¢¨¦¥−¨ï −¥ ¯®¯�¤�«¨ −� ¨å ªà�ï), −� ª®â®àëå ¢−®¢ì ®â¤¥«ì−® ¤«ï
ª�¦¤®£® ¨§ −¨å ¯à¨¬¥−ï¥â ¡�§®¢ë© �«£®à¨â¬ á ¯¥à¥áç¨â�−−®© í¬¯¨à¨ç¥áª®©
äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¨ ª¢�−â¨«ìî á®®â¢¥âáâ¢¥−−® (íâ® ¯®§¢®«ï¥â à�§¡¨âì
á¨£−�« −� ãç�áâª¨ ®¤−®à®¤−®áâ¨, £¤¥ ¬®¦−® ¤�¦¥ á ®â−®á¨â¥«ì−® −¨§ª®© ª¢�−-
â¨«ìî ¢ëï¢«ïâì ®¯®à−ë¥ â®çª¨ á ¬�«®© ¢¥à®ïâ−®áâìî «®¦−®£® áà�¡�âë¢�−¨ï).
‚á¥ ®¯à¥¤¥«¥−−ë¥ â�ª¨¬ ®¡à�§®¬ â®çª¨ áç¨â�îâáï ¯à¥¤¢�à¨â¥«ì−ë¬¨. Š�¦¤®©
â®çª¥ á®®â¢¥âáâ¢ã¥â ¯à¥¤è¥áâ¢ãîé¨© ¨−â¥à¢�« ¯®ª®ï | −� −¥¬ ¢−®¢ì ¢ëç¨á«ï-
¥âáï �”÷ �„Œ ¨ ¤®áâ�â®ç−® ¢ëá®ª�ï ª¢�−â¨«ì, ¨ ®¯®à−®© â®çª®© áç¨â�¥âáï
¯®á«¥¤−¨© ¬®¬¥−â ¢à¥¬¥−¨ ¤® ¯à¥¤¢�à¨â¥«ì−®© â®çª¨, ª®£¤� �„Œ ¬¥−ìè¥ íâ®©
ª¢�−â¨«¨. �®á«¥¤−¨© è�£ áãé¥áâ¢¥−−® ¯®¢ëè�¥â â®ç−®áâì, çâ® §�ä¨ªá¨à®¢�−®
¯à¨ ¢ëç¨á«¥−¨¨ ®âª«¨ª� ¯® ãáà¥¤−¥−¨î Œ�ƒ. �â® á¢ï§�−®, ¯à¥¦¤¥ ¢á¥£®, á â¥¬,
çâ® (ª�ª ¯à®¤¥¬®−áâà¨à®¢�−® ¢ [7]) ¡�§®¢ë© �«£®à¨â¬ ¯®¬¥é�¥â ®¯®à−ãî â®çªã
¢ ¯à�ªâ¨ç¥áª¨ ¯à®¨§¢®«ì−ãî ¯®§¨æ¨î ª�ª ¯® ¢à¥¬¥−¨ ®â−®á¨â¥«ì−® ¬®¬¥−â�
−�ç�«� à®áâ� �„Œ, â�ª ¨ ¯® �¬¯«¨âã¤¥ ®â−®á¨â¥«ì−® «®ª�«ì−®£® ¬�ªá¨¬ã¬�
�„Œ.

2 Миограмма и ее оконная дисперсия как случайные процессы

Œ¨®£à�¬¬� ¢ ®æ¨äà®¢�−−®¬ ¢�à¨�−â¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢à¥¬¥−−®© àï¤Mt,
£¤¥ t ∈ {0, 1, . . . , T − 1}. “á«®¢−® ¥¥ ¬®¦−® à�§¤¥«¨âì −� ç¥à¥¤ãîé¨¥áï ¬¥¦¤ã
á®¡®© ®âà¥§ª¨, á®®â¢¥âáâ¢ãîé¨¥ −¥¯®¤¢¨¦−®¬ã á®áâ®ï−¨î ¯�«ìæ� ¨á¯ëâã¥¬®£®
¨ ¤¢¨¦¥−¨î. �¥à¨®¤ ¢à¥¬¥−¨, ¯à¥¤áâ�¢«ïîé¨© á®¡®© ¯®á«¥¤®¢�â¥«ì−ãî ¯�àã
®âà¥§ª®¢ ¯®ª®ï ¨ ¤¢¨¦¥−¨ï, ¡ã¤¥¬ −�§ë¢�âì í¯®å®©. ƒà�−¨æë í¯®å ¯à¥¤áâ�¢«ïîâ
á®¡®© ¬−®¦¥áâ¢® â®ç¥ª ¢¨¤�

{τ0, τ1, . . . , τk} ⊂ N : 0 = τ0 < τ1 < · · · < τk = T .

’®£¤� {τj−1, τj−1 + 1, . . . , τj − 1}| â®çª¨ j-© í¯®å¨ (j = 1, k).
„«ï ª�¦¤®© í¯®å¨ ¯à¥¤áâ�¢¨¬ −�¡«î¤�¥¬®¥ §−�ç¥−¨¥ ¬¨®£à�¬¬ë Mt ª�ª

áã¬¬ã ¨áâ¨−−®£® −¥á«ãç�©−®£® §−�ç¥−¨ï mt ¨ èã¬� ξt, ¨¬¥îé¥£® −®à¬�«ì−®¥
à�á¯à¥¤¥«¥−¨¥ á −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ¤¨á¯¥àá¨¥© σ2j , ¯à¨ç¥¬
{ξτj−1

, ξτj−1+1, . . . , ξτj−1}| á®¢®ªã¯−®áâì −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−-
−ëå á«ãç�©−ëå ¢¥«¨ç¨− (−. ®. à. á. ¢.), � {ξ0, ξ1, . . . , ξT−1} | á®¢®ªã¯−®áâì
−¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− (−. á. ¢.):

∀j = 1, k











∀t ∈ {τj−1, τj−1 + 1, . . . , τj − 1}
{

Mt = mt + ξt ;

ξt ∼ N
(

0, σ2j

)

;

{ξτj−1
, ξτj−1+1, . . . , ξτj−1}| −. ®. à. á. ¢.;

{ξ0, ξ1, . . . , ξT−1}| −. á. ¢.

(1)
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‡�¬¥â¨¬, çâ® ¢ à¥�«ì−®© ¬¨®£à�¬¬¥ −¥â ¦¥áâª®© £à�−¨æë ¬¥¦¤ã í¯®å�¬¨ |
¢ ¯à¨−æ¨¯¥, £à�−¨ç−ãî â®çªã ¬®¦−® ¯®áâ�¢¨âì ¢ «î¡®¬ ¬¥áâ¥ −� ¯¥à¨®¤¥ ¯®ª®ï.
‘ ãç¥â®¬ ®á®¡¥−−®áâ¥© à�¡®âë ¬®¤¨ä¨æ¨à®¢�−−®© ¢¥àá¨¨ �«£®à¨â¬� £à�−¨ç−ë¥
â®çª¨ ¢ë¡¨à�îâáï ¯® ¢®§¬®¦−®áâ¨ ¬¥−ìè¨¬¨, çâ®¡ë ®¡¥á¯¥ç¨âì ¤®áâ�â®ç−ë©
¨−â¥à¢�« §−�ç¥−¨© �„Œ ¤«ï ¢ëç¨á«¥−¨ï ª¢�−â¨«¨ èã¬�. Šà®¬¥ â®£®, −¥â
¨ à¥§ª¨å ¯¥à¥å®¤®¢ ®â ®¤−®£® §−�ç¥−¨ï ¤¨á¯¥àá¨¨ èã¬� ¬¨®£à�¬¬ë ª ¤àã£®¬ã.
�«�£®¤�àï íâ®¬ã ®âà¥§ª¨ ¬¨®£à�¬¬ë −� áâëª¥ í¯®å ¬®¦−® áç¨â�âì áâ�â¨áâ¨ç¥áª¨
á®®â¢¥âáâ¢ãîé¨¬¨ á â®çª¨ §à¥−¨ï à�á¯à¥¤¥«¥−¨ï èã¬� ®¡¥¨¬ í¯®å�¬, � ¯®â®¬ã,
¥á«¨ ¢ ¤�«ì−¥©è¥¬ ¯à¨ à�áç¥â¥ å�à�ªâ¥à¨áâ¨ª ®¤−®© í¯®å¨ ¨á¯®«ì§ãîâáï ¯¥à¢ë¥
−¥áª®«ìª® â®ç¥ª ¨§ á«¥¤ãîé¥©, −¨ª�ª −¥ ãç¨âë¢�¥âáï â®â ä�ªâ, çâ® ä®à¬�«ì−®
á â®çª¨ §à¥−¨ï ¯à¥¤«®¦¥−−®© ¢ (1) ¬®¤¥«¨ ®−¨ ¨¬¥îâ ¤àã£®¥ à�á¯à¥¤¥«¥−¨¥.
‘ä®à¬ã«¨àã¥¬ íâ® ¢ á«¥¤ãîé¥¬ ¢¨¤¥:
„®¯ãé¥−¨¥. …á«¨ n | è¨à¨−� ®ª−� ¯à¨ à�áç¥â¥ áª®«ì§ïé¥£® áà¥¤−¥£® ¨ �„Œ
¬¨®£à�¬¬ë, â®£¤� ¡ã¤¥¬ áç¨â�âì, çâ® ¤«ï ª�¦¤®© í¯®å¨, −�ç¨−�ï á® ¢â®à®©,
¯¥à¢ë¥ n− 1 â®ç¥ª ¬®¦−® ¨á¯®«ì§®¢�âì ¯à¨ ¢ëç¨á«¥−¨¨ §−�ç¥−¨© áª®«ì§ïé¥£®
áà¥¤−¥£® ¨ �„Œ ¯à¥¤ë¤ãé¥© í¯®å¨ á ¥¥ ¯�à�¬¥âà�¬¨ à�á¯à¥¤¥«¥−¨ï èã¬�.

�ãáâì n | è¨à¨−� ®ª−� ¯à¨ à�áç¥â¥ �„Œ. ’®£¤� −� ª�¦¤®© í¯®å¥ ¤«ï
á®®â¢¥âáâ¢ãîé¥£® áª®«ì§ïé¥£® áà¥¤−¥£® Mn,t −�¡«î¤�¥¬®£® á¨£−�«� ¡ã¤¥¬ ¨¬¥âì
¯à¥¤áâ�¢«¥−¨¥ ¢ â¥à¬¨−�å áª®«ì§ïé¨å áà¥¤−¨å ¨áâ¨−−®£® á¨£−�«� mn,t ¨ èã¬�
ξn,t:

Mn,t =
1

n

n−1
∑

i=0

Mt+i =
1

n

n−1
∑

i=0

mt+i +
1

n

n−1
∑

i=0

ξt+i = mn,t + ξn,t . (2)

�ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë ¯® ®¯à¥¤¥«¥−¨î ¨¬¥¥â ¢¨¤:

Wn,t =
1

n

n−1
∑

i=0

(

Mt+i −Mn,t

)2
. (3)

‹¥¬¬�. „«ï �„Œ, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨ (1) á® á¤¥«�−−ë¬ ¢ëè¥ ¤®¯ãé¥-
−¨¥¬, á¯à�¢¥¤«¨¢® à�§«®¦¥−¨¥:

Wn,t =
1

n

n−1
∑

i=0

m2t+i−mn,t
2+
1

n

n−1
∑

i=0

ξ2t+i− ξn,t
2
+
2

n

n−1
∑

i=0

ξt+i (mt+i −mn,t) . (4)

„ ® ª � § � â ¥ « ì á â ¢ ® . �®¤áâ�−®¢ª®© (1) ¨ (2) ¢ (3) ¯®«ãç�¥¬:

Wn,t =
1

n

n−1
∑

i=0

(

(mt+i −mn,t) +
(

ξt+i − ξn,t

))2
=
1

n

n−1
∑

i=0

(mt+i −mn,t)
2 +

+
1

n

n−1
∑

i=0

(

ξt+i − ξn,t

)2
+
2

n

n−1
∑

i=0

(mt+i −mn,t)
(

ξt+i − ξn,t

)

. (5)
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’�ª¨¬ ®¡à�§®¬, �„Œ à�á¯�¤�¥âáï −� âà¨ ª®¬¯®−¥−â�:

(1) An,t = (1/n)
n−1
∑

i=0
(mt+i −mn,t)

2 | ®¯¨áë¢�¥â −¥á«ãç�©−ãî ç�áâì �„Œ

(ä�ªâ¨ç¥áª¨ íâ® ®ª®−−�ï ¤¨á¯¥àá¨ï á¨£−�«� ¯à¨ ®âáãâáâ¢¨¨ èã¬�);

(2) Bn,t = (1/n)
n−1
∑

i=0

(

ξt+i − ξn,t

)2
| ®¯¨áë¢�¥â ª®¬¯®−¥−â �„Œ, ¢®§−¨ª�-

îé¨© ¨áª«îç¨â¥«ì−® §� áç¥â èã¬� ¢ ¬¨®£à�¬¬¥ (®ª®−−�ï ¤¨á¯¥àá¨ï èã¬�);

(3) Cn,t = (2/n)
n−1
∑

i=0
(mt+i −mn,t)

(

ξt+i − ξn,t

)

| ®¯¨áë¢�¥â ª®¬¯®−¥−â �„Œ,

¢®§−¨ª�îé¨© ª�ª áã¯¥à¯®§¨æ¨ï ¨áâ¨−−®£® á¨£−�«� ¨ èã¬�.

÷�áá¬®âà¨¬ 1-© ª®¬¯®−¥−â:

An,t =
1

n

(

n−1
∑

i=0

m2t+i +

n−1
∑

i=0

mn,t
2 − 2

n−1
∑

i=0

mt+imn,t

)

=

=
1

n

(

n−1
∑

i=0

m2t+i + nmn,t
2 − 2nmn,t

2

)

=

=
1

n

(

n−1
∑

i=0

m2t+i − nmn,t
2

)

=
1

n

n−1
∑

i=0

m2t+i −mn,t
2. (6)

„«ï 2-£® ª®¬¯®−¥−â� ¯® �−�«®£¨¨ á (6) ¬®¦¥¬ §�¯¨á�âì:

Bn,t =
1

n

n−1
∑

i=0

ξ2t+i − ξn,t
2
. (7)

÷�áá¬®âà¨¬ 3-© ª®¬¯®−¥−â:

Cn,t =
2

n

n−1
∑

i=0

ξt+i (mt+i −mn,t)−
2

n
ξn,t

n−1
∑

i=0

(mt+i −mn,t) =

=
2

n

n−1
∑

i=0

ξt+i (mt+i −mn,t) . (8)

�¡ê¥¤¨−ïï (6){(8), ¯®«ãç�¥¬ (4). �

�¯à¥¤¥«¥−¨¥. ��§®¢¥¬ èã¬®¢®© á®áâ�¢«ïîé¥© �„Œ, á®®â¢¥âáâ¢ãîé¥© ¬®-
¤¥«¨ (1) á® á¤¥«�−−ë¬ ¢ëè¥ ¤®¯ãé¥−¨¥¬, áã¬¬ã ª®¬¯®−¥−â®¢ Bn,t ¨ Cn,t,
¯®«ãç¥−−ëå ¢ «¥¬¬¥.
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’¥®à¥¬�. ‚ â®çª¥ t, ¯à¨−�¤«¥¦�é¥© j-© í¯®å¥ (j = 1, k), èã¬®¢�ï á®-
áâ�¢«ïîé�ï �„Œ, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨ (1) á® á¤¥«�−−ë¬ ¢ëè¥ ¤®-
¯ãé¥−¨¥¬, ¯à¥¤áâ�¢«ï¥â á®¡®© «¨¡® á«ãç�©−ãî ¢¥«¨ç¨−ã á à�á¯à¥¤¥«¥−¨¥¬

•
(

n/(2σ2j ), (n − 1)/2
)

, «¨¡® áã¬¬ã ¤¢ãå á«ãç�©−ëå ¢¥«¨ç¨− c à�á¯à¥¤¥«¥−¨ï¬¨

•
(

n/(2σ2j ), (n − 1)/2
)

¨ N

(

0, (4σ2j /n
2)

n−1
∑

i=0
(mt+i −mn,t)

2

)

.

„ ® ª � § � â ¥ « ì á â ¢ ® . ˆáå®¤ï ¨§ â®£®, çâ® 2-© ª®¬¯®−¥−â à�§«®¦¥−¨ï �„Œ
¢ «¥¬¬¥ | ®ª®−−�ï ¤¨á¯¥àá¨ï −®à¬�«ì−® à�á¯à¥¤¥«¥−−®© á«ãç�©−®© ¢¥«¨ç¨−ë,
¬®¦¥¬ §�¯¨á�âì

nBn,t

σ2j
∼ χ2n−1 = •

(

1

2
,
n− 1
2

)

¤«ï t ∈ {τj−1, τj−1 + 1, . . . , τj − 1}. ’®£¤� ¯®«ãç�¥¬, çâ®

Bn,t ∼ •
(

n

2σ2j
,
n− 1
2

)

.

ˆá¯®«ì§ãï (1), � â�ª¦¥ á¢®©áâ¢® ãá¨«¥−−®© ¢®á¯à®¨§¢®¤¨¬®áâ¨ −®à¬�«ì−®£®
à�á¯à¥¤¥«¥−¨ï, ¯®«ãç�¥¬ à�á¯à¥¤¥«¥−¨¥ 3-£® ª®¬¯®−¥−â� à�§«®¦¥−¨ï �„Œ
¢ «¥¬¬¥ ¯à¨ ãá«®¢¨¨, çâ® ∃i, i = 0, n− 1 : mt+i −mn,t 6= 0, â. ¥. ª®£¤� áà¥¤¨
¨áâ¨−−ëå §−�ç¥−¨© ¬¨®£à�¬¬ë ¢ â®çª�å t, t+ 1, . . . , t+ n− 1 ¥áâì à�§«¨ç−ë¥:

Cn,t ∼ N
(

0,
4σ2j

n2

n−1
∑

i=0

(mt+i −mn,t)
2

)

=

= N

(

0,
4σ2j
n
An,t

)

, ∀t ∈ {τj−1, τj−1 + 1, . . . , τj − 1} .

’�ª¨¬ ®¡à�§®¬, ¤¨á¯¥àá¨ï Cn,t «¨−¥©−® §�¢¨á¨â ®âAn,t | ®ª®−−®© ¤¨á¯¥àá¨¨
úç¨áâ®£®û á¨£−�«�.

‚ á«ãç�¥, ª®£¤� ¨áâ¨−−ë© á¨£−�« ¢ â®çª�å τj−1, τj−1+1, . . . , τj−1 −¥¨§¬¥−¥−,
¯®«ãç�¥¬, çâ® Cn,t = 0, � èã¬®¢�ï á®áâ�¢«ïîé�ï �„Œ á®áâ®¨â â®«ìª® ¨§ £�¬-
¬�-à�á¯à¥¤¥«¥−−®£® ª®¬¯®−¥−â� Bn,t. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¢ à�§«®¦¥−¨¨ (4)
¯à¨áãâáâ¢ãîâ ®¡� ª®¬¯®−¥−â�. �
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÷¥§î¬¨àãï ¯®«ãç¥−−ë¥ ¢ (5){(8) á®®â−®è¥−¨ï, ¯®«ãç�¥¬ ¨â®£®¢ë© à¥§ã«ìâ�â:

∀j ∈ 1, k
∀t ∈ {τj−1, τj−1 + 1, ..., τj − 1}











































































































Wn,t = An,t +Bn,t + Cn,t;

An,t =
1

n

n−1
∑

i=0

m2t+i −mn,t
2;

Bn,t =
1

n

n−1
∑

i=0

ξ2t+i − ξn,t
2
;

Cn,t =
2

n

n−1
∑

i=0

ξt+i (mt+i −mn,t) ;

Bn,t ∼ •
(

n

2σ2j
,
n− 1
2

)

;

Cn,t ∼ N
(

0,
4σ2j
n
An,t

)

¯à¨ An,t > 0,

Cn,t = 0 ¨−�ç¥.

�®«ãç¥−−ë© −�¡®à á®®â−®è¥−¨© ¤¥¬®−áâà¨àã¥â, çâ®

(1) ¢ −�¡«î¤�¥¬ëå §−�ç¥−¨ïå ®ª®−−®© ¤¨á¯¥àá¨¨ ¯à¨áãâáâ¢ã¥â èã¬®¢®© ª®¬-
¯®−¥−â Bn,t | á«ãç�©−�ï ¢¥«¨ç¨−�, à�á¯à¥¤¥«¥−¨¥ ª®â®à®© −¥ §�¢¨á¨â ®â
¨áâ¨−−ëå §−�ç¥−¨© ¬¨®£à�¬¬ë, ®¤−�ª®, ¯®áª®«ìªã èã¬ −� ª�¦¤®© í¯®å¥
(¯®á«¥¤®¢�â¥«ì−®© ¯�à¥ ¯®ª®©{¤¢¨¦¥−¨¥) ¨¬¥¥â á¢®î ¤¨á¯¥àá¨î, §�¢¨á¨-
¬®áâì ®â ¢à¥¬¥−¨ ¢á¥ à�¢−® ¥áâì;

(2) èã¬®¢®© ª®¬¯®−¥−â Cn,t ¨¬¥¥â −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥, ¤¨á¯¥àá¨ï ª®â®-
à®£® §�¢¨á¨â ®â ¨áâ¨−−ëå §−�ç¥−¨© ¬¨®£à�¬¬ë ¨ ¤¨á¯¥àá¨¨ èã¬� −� í¯®å¥.
„�−−ë© ª®¬¯®−¥−â ¬®¦¥â ®âáãâáâ¢®¢�âì ¢ à�§«®¦¥−¨¨, ¥á«¨ ú¨áâ¨−−�ïû
¬¨®£à�¬¬� ¯®áâ®ï−−� ¢ ¯à¥¤¥«�å ®ª−� t, t+ n− 1;

(3) â�ª ª�ª ¤¨á¯¥àá¨¨ Bn,t ¨ Cn,t (¥á«¨ ¯à¨áãâáâ¢ã¥â ¢ à�§«®¦¥−¨¨) à�¢−ë á®-

®â¢¥âáâ¢¥−−® (2(n − 1)/n2)σ4j
(

≈ 2σ4j /n
)

¨ (4σ2j /n)An,t, â® ¯à¥®¡«�¤�−¨¥

®¤−®£® ¨§ ª®¬¯®−¥−â®¢ −�¤ ¤àã£¨¬ ®¯à¥¤¥«ï¥âáï ¢§�¨¬−ë¬ á®®â−®è¥−¨¥¬ σ2j
¨ An,t. “ç¨âë¢�ï ¯à¨à®¤ã ¨áå®¤−®£® á¨£−�«�, ¬®¦−® ãâ¢¥à¦¤�âì, çâ® ¢ á®-
áâ®ï−¨¨ ¯®ª®ï ¢«¨ï−¨¥ íâ¨å ª®¬¯®−¥−â®¢ áà�¢−¨¬® «¨¡® ¯à¥®¡«�¤�¥â Bn,t,
� ¢® ¢à¥¬ï á®¢¥àè¥−¨ï ¤¢¨¦¥−¨ï ¯à¥®¡«�¤�¥â Cn,t.

3 Заключение

�à®¨««îáâà¨àã¥¬ ¯®«ãç¥−−ë¥ ãâ¢¥à¦¤¥−¨ï −� ®á−®¢¥ ¤�−−ëå ®¤−®© ¨§
¬¨®£à�¬¬. „«ï íâ®£® ¯® â®çª�¬, à�ááâ�¢«¥−−ë¬ ¬®¤¨ä¨æ¨à®¢�−−ë¬ �«£®à¨â¬®¬,
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‘¢®©áâ¢� ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë ª�ª á«ãç�©−®£® ¯à®æ¥áá�

÷¨á. 1 �ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë (1) ¨ ®æ¥−ª� áª® èã¬� ¢ �„Œ (2)

÷¨á. 2 �â−®è¥−¨¥ ®æ¥−ª¨ èã¬� ¢ �„Œ ª �„Œ (a) ¨ ¬¨®£à�¬¬� (¡)
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÷¨á. 3 �â−®è¥−¨¥ ®æ¥−ª¨ èã¬� ¢ �„Œ ª �„Œ

®¯à¥¤¥«¨¬ ¯¥à¨®¤ë ¯®ª®ï, á®®â¢¥âáâ¢ãîé¨¥ ¤¢¨¦¥−¨ï¬, ¨ ¯® −¨¬ ®æ¥−¨¬ ¤«ï
ª�¦¤®© í¯®å¨ ¤¨á¯¥àá¨î èã¬� ¬¨®£à�¬¬ë. „�«¥¥ ¢ëç¨á«¨¬ §−�ç¥−¨ï ¤¨á¯¥àá¨¨
Bn,t | íâ® ªãá®ç−®-¯®áâ®ï−−�ï äã−ªæ¨ï á â®çª�¬¨ à�§àë¢� −� £à�−¨æ�å í¯®å.
‚§ï¢ ¢ ª�ç¥áâ¢¥ ®æ¥−ª¨ An,t �„Œ, ¯®«ãç¨¬ ®æ¥−ªã ¤«ï ¤¨á¯¥àá¨¨ Cn,t (èã¬,
£«�¢−ë¬ ®¡à�§®¬, ã¢¥«¨ç¨¢�¥â �„Œ, ¯®íâ®¬ã ¢ ª�ª®¬-â® á¬ëá«¥ íâ® ®æ¥−ª�
á¢¥àåã). ‡−�ï, çâ® ¤¨á¯¥àá¨ï áã¬¬ë ®æ¥−¨¢�¥âáï ã¤¢®¥−−®© áã¬¬®© ¤¨á¯¥àá¨©,
¯®«ãç�¥¬ ®æ¥−ªã ¤«ï áà¥¤−¥£® ª¢�¤à�â¨ç−®£® ®âª«®−¥−¨ï (áª®) áã¬¬ë èã¬®¢ëå
ª®¬¯®−¥−â. �� à¨á. 1 ¯®ª�§�−� �„Œ á è¨à¨−®© ®ª−� 30 ¨ ®æ¥−ª� áª® èã¬�
¢ −¥©, ¢¥àâ¨ª�«ì−�ï èâà¨å®¢�ï ç¥àâ� | ®¯®à−�ï â®çª�. ‚¨¤−®, çâ® ¢ á®áâ®ï−¨¨
¯®ª®ï å�à�ªâ¥à−ë¥ ®âª«®−¥−¨ï èã¬� á®¯®áâ�¢¨¬ë á �„Œ, ¢ â® ¢à¥¬ï ª�ª ¢®
¢à¥¬ï ¤¢¨¦¥−¨ï í−¥à£¨ï á¨£−�«� ¢ëè¥.

�� à¨á. 2 ¨ 3 ¯®ª�§�−® ®â−®è¥−¨¥ ®æ¥−ª¨ áª® èã¬� ¢ �„Œ ª á�¬®©
�„Œ. ‚ ¯¥à¢®¬ á«ãç�¥ ¤®¯®«−¨â¥«ì−® ¯à¨¢¥¤¥−� ¬¨®£à�¬¬�, ¢® ¢â®à®¬ |
¢¥àå−¨© £à�ä¨ª §−�ç¨â¥«ì−® ã¢¥«¨ç¥−. �¯®à−ë¥ â®çª¨ ®â¬¥ç¥−ë ¢¥àâ¨ª�«ì−ë¬¨
èâà¨å®¢ë¬¨ ç¥àâ�¬¨. �¥âàã¤−® §�¬¥â¨âì, çâ® ¢ ¬®¬¥−â −�ç�«� ¤¢¨¦¥−¨ï
®æ¥−ª� å�à�ªâ¥à−®£® ®âª«®−¥−¨ï, ¯®«ãç�¥¬®£® §� áç¥â èã¬�, −¥ ¯à¥¢ëè�¥â 20%
−�¡«î¤�¥¬®£® §−�ç¥−¨ï �„Œ. �â®â ä�ªâ, ¯® áãâ¨, £�à�−â¨àã¥â, çâ® ¢ ¯à�¢®©
¯®«ã®ªà¥áâ−®áâ¨ ®¯®à−®© â®çª¨ �„Œ ¡ã¤¥â ®¡«�¤�âì §−�ç¨â¥«ì−®© â¥−¤¥−æ¨¥©
ª ¢®§à�áâ�−¨î, çâ® ¨ ¨á¯®«ì§ãîâ ®¡� �«£®à¨â¬�.
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PROPERTIES OF WINDOW DISPERSION OF MYOGRAM
AS A STOCHASTIC PROCESS

M. Sh. Khaziakhmetov

Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov Moscow
State University, 1-52 Leninskiye Gory, GSP-1, Moscow 119991, Russian Feder-
ation

Abstract: Nowadays, the research of brain activity is conducted by many
scientists. One of the approaches is the method of caused potentials: the testee
repeats some actions, his brain activity and some additional signals are registered
and then are analysed in order to detect necessary dependences. A number
of works of the author and his collegues consider algorithms of localization of
reference points in a myogram (and some other signals) corresponding to the
movement beginnings in the experiment in which a person makes movements by
a hand finger. Accuracy of localization of these points is critical for further
processing of magnetoencephalogram. The paper covers some theoretical aspects
of these algorithms such as models of a myogram and its window dispersion as
stochastic processes.
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ИССЛЕДОВАНИЕ ЛАБОРАТОРНОГО ПРОТОТИПА
ИСКУССТВЕННОЙ ГЕТЕРОГЕННОЙ СИСТЕМЫ

ДЛЯ ДИАГНОСТИКИ АРТЕРИАЛЬНОЙ ГИПЕРТЕНЗИИ

И. А. Кириков1, А. В. Колесников2, С. Б. Румовская3

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¨¬¨â�æ¨¨ «�¡®à�â®à−®£® ¯à®â®â¨¯�
äã−ªæ¨®−�«ì−®© £¨¡à¨¤−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë (”ƒ¨ˆ‘) | ‚¨àâã-
�«ì−®£® ¬¥¤¨æ¨−áª®£® ª®−á¨«¨ã¬� ¤«ï ¤¨�£−®áâ¨ª¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨
(�ƒ) | áà¥¤áâ¢�¬¨ ¯�ª¥â� MATLAB 7 | Simulink. �à¨¢¥¤¥−ë ¤�−−ë¥ ¬®-
¤¥«ì−ëå íªá¯¥à¨¬¥−â®¢ ¨ ¨å ¨−â¥à¯à¥â�æ¨ï. �¯¨á�−ë à¥§ã«ìâ�âë â¥áâ¨à®¢�-
−¨ï äã−ªæ¨®−�«ì−ëå ¬®¤¥«¥© £¥â¥à®£¥−−®£® ¬®¤¥«ì−®£® ¯®«ï à�á¯®§−�¢�−¨ï
í«¥ªâà®ª�à¤¨®£à�¬¬ (�Šƒ), áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �àâ¥à¨�«ì−®£® ¤�¢-
«¥−¨ï (�„) ¨ ¬®¤ã«¥© ª«�áá¨ä¨ª�æ¨¨ á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â�, � â�ª¦¥
â¥å−®«®£¨ç¥áª¨å ¬®¤ã«¥© ®æ¥−ª¨ ¯®«¥§−®áâ¨ á¨¬¯â®¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨
¤«ï ¯®áâ�−®¢ª¨ ¤¨�£−®§� £¥−¥â¨ç¥áª¨¬¨ �«£®à¨â¬�¬¨ (ƒ�). �ªá¯¥à¨¬¥−âë
á «�¡®à�â®à−ë¬ ¯à®â®â¨¯®¬ ¯®ª�§ë¢�îâ ¢®§¬®¦−®áâì á−¨¦¥−¨ï ¯®à®£� ú§�-
¬�áª¨à®¢�−−ëå ¨ −¥¤®¢ëï¢«¥−−ëåû ¤¨�£−®§®¢ á¨¬¯â®¬�â¨ç¥áª®© �ƒ ¨ íáá¥−-
æ¨�«ì−®© �ƒ á 70% ¤® 20% ¢ à¥§ã«ìâ�â¥ ¯à¨¬¥−¥−¨ï ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬�
−� ¯à�ªâ¨ª¥ ¢ «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å ãçà¥¦¤¥−¨ïå è¨à®ª®£® ¯à®ä¨«ï.

Š«îç¥¢ë¥ á«®¢�: «�¡®à�â®à−ë© ¯à®â®â¨¯ ‚¨àâã�«ì−®£® ¬¥¤¨æ¨−áª®£® ª®−-
á¨«¨ã¬�; �àâ¥à¨�«ì−�ï £¨¯¥àâ¥−§¨ï; −¥©à®−−ë¥ á¥â¨; £¥−¥â¨ç¥áª¨¥ �«£®à¨â-
¬ë; −¥ç¥âª¨¥ á¨áâ¥¬ë; äã−ªæ¨®−�«ì−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬�
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1 Введение

�àâ¥à¨�«ì−�ï £¨¯¥àâ¥−§¨ï | ®á−®¢−®© á¥à¤¥ç−®-á®áã¤¨áâë© ä�ªâ®à à¨áª�.
ˆ§ ¯à®¡«¥¬ ¤¨�£−®áâ¨ª¨ �ƒ, ®¡áã¦¤�¢è¨åáï ¢ à�¡®â�å [1, 2], ¤«ï −�áâ®ïé¥£®
¨áá«¥¤®¢�−¨ï �ªâã�«ì−ë ¤¢¥:

(1) −¨§ª®¥ ª�ç¥áâ¢® ¤¨�£−®áâ¨ç¥áª®£® ¯à®æ¥áá�: ¤¨�£−®§ �ƒ ú§�¬�áª¨à®¢�−
¨ −¥¤®¢ëï¢«¥−û ã 70% ¯�æ¨¥−â®¢ �¬¡ã«�â®à−®-ª«¨−¨ç¥áª®£® ãçà¥¦¤¥−¨ï;

(2) ®âáâ�¢�−¨¥ ¯à¨−æ¨¯®¢, §�ª®−®¬¥à−®áâ¥©, ¬¥â®¤®¢ ¨ ¬¥â®¤¨ª, ¢ëà�¡®â�−−ëå
â¥®à¥â¨ç¥áª®© ¨ ª«¨−¨ç¥áª®© ¬¥¤¨æ¨−®©, ¬¥¤¨æ¨−áª®© ¨−ä®à¬�â¨ª®©, ®â

1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
baltbipiran@mail.ru

2��«â¨©áª¨© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š�−â�; Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, avkolesnikov@yandex.ru

3Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
sophiyabr@gmail.com
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á®¢à¥¬¥−−ëå ª�àâ¨− ¬¨à� ¨ ®à£�−¨§¬� ç¥«®¢¥ª�: ¢à�ç¨ ¨ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨
¯à¨−ïâ¨ï ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© ú¢¨¤ïâû ¯�æ¨¥−â� ®¤−®áâ®à®−−¥, á ¯®-
§¨æ¨© ®¤−®© ¯à®ä¥áá¨¨, ®¤−®© ¤¨áæ¨¯«¨−ë, ®¤−®© èª®«ë, çâ® å�à�ªâ¥à−®
¤«ï £®¬®£¥−−ëå á¨áâ¥¬ ¨ ¢¥¤¥â ª à¥è¥−¨î §�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ −¥á¨áâ¥¬-
−®, ª®£¤� à�§−®®¡à�§−ë¥ §−�−¨ï −¥ ¢§�¨¬®¤¥©áâ¢ãîâ ¨ −¥ á®âàã¤−¨ç�îâ ¤«ï
¤®áâ¨¦¥−¨ï ®¡é¥© æ¥«¨.

�®á«¥¤−¥¥ ¤¥«�¥â ¢ ¨−ä®à¬�â¨ª¥ �ªâã�«ì−®© à�§à�¡®âªã ¨áªãááâ¢¥−−ëå £¥-
â¥à®£¥−−ëå ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ á® á¢®©áâ¢�¬¨ ¤®¯®«−¨â¥«ì−®áâ¨, á®âàã¤-
−¨ç¥áâ¢� ¨ ®â−®á¨â¥«ì−®áâ¨ §−�−¨©, á¨−â¥§¨àãîé¨å ¨−â¥£à¨à®¢�−−ë¥ ¬¥â®¤ë
¨ ¬®¤¥«¨, à�§−®®¡à�§¨¥ ª®â®àëå à¥«¥¢�−â−® à�§−®®¡à�§¨î ¯®ª�§�â¥«¥© ¤¨�£−®-
áâ¨ª¨ ®à£�−¨§¬� ç¥«®¢¥ª�.

„«ï á®§¤�−¨ï ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© á«®¦−®©
§�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ ¯à¨¬¥−¥− ¬¥â®¤ ”ƒ¨ˆ‘ [3] | ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−-
−ëå á¨áâ¥¬, ¬®¤¥«¨àãîé¨å ª®««¥ªâ¨¢−ë¥ à¥è¥−¨ï (ª®−á¨«¨ã¬ë), à�§−®®¡à�§¨¥
åà�−¨¬®© ¨ ¯¥à¥à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ ¢ ª®â®àëå à¥«¥¢�−â−® à�§−®®¡à�§¨î
¨−ä®à¬�æ¨¨ ¢ ¤¨�£−®áâ¨ç¥áª¨å á¨âã�æ¨ïå. ’�ª¨¥ á¨áâ¥¬ë, ‚¨àâã�«ì−ë¥ ª®−á¨-
«¨ã¬ë, á¯®á®¡−ë ¤¨−�¬¨ç−® á¨−â¥§¨à®¢�âì −�¤ à�§−®®¡à�§¨¥¬ ¬®¤¥«ì−®£® ¯®«ï
−®¢ë© ¬¥â®¤ ¢ëà�¡®âª¨ ¤¨�£−®§� �ƒ ¤«ï ª�¦¤®£® ¯�æ¨¥−â� ¨−¤¨¢¨¤ã�«ì−®.

��áâ®ïé�ï à�¡®â� ¯®á¢ïé¥−� â¥áâ¨à®¢�−¨î ¬®¤¥«¥© ¨§ £¥â¥à®£¥−−®£® ¬®¤¥«ì-
−®£® ¯®«ï ¨ íªá¯¥à¨¬¥−â�¬ á á¨−â¥§¨àã¥¬ë¬ −�¤ −¨¬ «�¡®à�â®à−ë¬ ¯à®â®â¨¯®¬
£¨¡à¨¤−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë áà¥¤áâ¢�¬¨ ¯�ª¥â� MATLAB 7 | Simulink,
� â�ª¦¥ ¨−â¥à¯à¥â�æ¨¨ ¨å à¥§ã«ìâ�â®¢.

2 Тестирование гетерогенного модельного поля
Виртуального консилиума

ƒ¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ | ®á−®¢®¯®«�£�îé�ï á®áâ�¢«ïîé�ï
”ƒ¨ˆ‘ [3]. �−® äã−ªæ¨®−�«ì−® ¨§¡ëâ®ç−®, á®¤¥à¦¨â ¬®¤¥«¨, à¥«¥¢�−â−ë¥
¯®¤§�¤�ç�¬ ¨§ ¤¥ª®¬¯®§¨æ¨¨ á«®¦−®© ¤¨�£−®áâ¨ç¥áª®© §�¤�ç¨ [4], ¨ ¨¬¨â¨àã¥â
¬−®£®®¡à�§¨¥ ¨ ®â−®á¨â¥«ì−®áâì ¯à®ä¥áá¨®−�«ì−ëå íªá¯¥àâ−ëå §−�−¨©, ¨¬¥-
îé¨åáï ¢ à�á¯®àï¦¥−¨¨ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨¥ (‹�÷), ¤«ï ®à£�−¨§�æ¨¨
ª®−á¨«¨ã¬�. ‘ ãç¥â®¬ â�ª®£® à�§−®®¡à�§¨ï ‹�÷ ¤¥«�¥â ¢ë¡®à ® ¢ª«îç¥−¨¨
íªá¯¥àâ®¢ ¢ á®áâ�¢ ª®−á¨«¨ã¬� ¨ ®¡¥á¯¥ç¨¢�¥â ¤®¯®«−¨â¥«ì−®áâì ¨ á®âàã¤−¨ç¥-
áâ¢® §−�−¨© ¢ å®¤¥ ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨© −�¤ ¤¨�£−®áâ¨ç¥áª®© §�¤�ç¥©.
ƒ¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� á®áâ®¨â ¨§ 21 ¬®¤¥«¨,
¤¥¢ïâì ¨§ ª®â®àëå | â¥å−®«®£¨ç¥áª¨¥ í«¥¬¥−âë ¨ ¨á¯®«ì§ãîâáï ¤«ï ®à£�−¨§�æ¨¨
íää¥ªâ¨¢−®© ®¡à�¡®âª¨ ¤�−−ëå ¨ §−�−¨© [5].

2.1 Обучение и тестирование функционального элемента — искусственной
нейронной сети для распознавания электрокардиограмм

‚ [5] ¤«ï ¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨ (ˆ�‘), úç¨â�îé¥©û �Šƒ (¬®¤¥«ì
ˆ�‘÷�Šƒ), ¢ë¡à�−ë:
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ˆáá«¥¤®¢�−¨¥ «�¡®à�â®à−®£® ¯à®â®â¨¯� ¨áªãááâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë

(1) ¬®¤ã«ì−�ï áâàãªâãà� ¡«®ª®¢ à�á¯®§−�¢�−¨ï ¯�â®«®£¨¨ | á¨£−�« ®¡à�§�
�Šƒ ¯®áâã¯�¥â −� ¢á¥ ¬®¤ã«¨ ®¤−®¢à¥¬¥−−®;

(2) â®¯®«®£¨ï | á¥âì ¡¥§ ®¡à�â−ëå á¢ï§¥©;

(3) �àå¨â¥ªâãà� | ¬−®£®á«®©−�ï á¥âì á ¯àï¬ë¬ à�á¯à®áâà�−¥−¨¥¬ á¨£−�«�;

(4) �«£®à¨â¬ ®¡ãç¥−¨ï | ú®¡à�â−®¥ à�á¯à®áâà�−¥−¨¥ ®è¨¡ª¨û;

(5) ¯�à�¤¨£¬� ®¡ãç¥−¨ï | ®¡ãç¥−¨¥ á ãç¨â¥«¥¬;

(6) äã−ªæ¨¨ �ªâ¨¢�æ¨¨ | «®£¨áâ¨ç¥áª�ï äã−ªæ¨ï;

(7) â¨¯ −®à¬�«¨§�æ¨¨ | «¨−¥©−�ï;

(8) ç¨á«® −¥©à®−®¢ ¢å®¤−®£® á«®ï | 128;

(9) ç¨á«® −¥©à®−®¢ ¢ áªàëâ®¬ á«®¥ ª�¦¤®£® ¨§ ¬®¤ã«¥© ¨§¬¥−ï¥âáï ®â 1 ¤® 51
á è�£®¬ 10 ¨ ¢ë¡¨à�¥âáï ¯® §−�ç¥−¨î ®è¨¡ª¨ ®¡ãç¥−¨ï ª�¦¤®£® ¬®-
¤ã«ï, � â�ª¦¥ ¯®ª�§�â¥«¥© çã¢áâ¢¨â¥«ì−®áâ¨ ¨ á¯¥æ¨ä¨ç−®áâ¨, ¤�îé¨å
ª«¨−¨ç¥áªãî ¨ ¤¨�£−®áâ¨ç¥áªãî ¨−â¥à¯à¥â�æ¨î à¥è¥−¨©, ®á−®¢�−−ëå −�
áâ�â¨áâ¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª�å ¨«¨ «®£¨ç¥áª¨å ¯à�¢¨«�å.

—â®¡ë á¢¥áâ¨ ¤® ¬¨−¨¬ã¬� á«®¦−®áâì �¯¯�à�â−®© ç�áâ¨ ¨ ¯à®æ¥¤ãàë à¥£¨-
áâà�æ¨¨, ¯�â®«®£¨¨ à�á¯®§−�îâáï ¯® ®¤−®ª�−�«ì−®© §�¯¨á¨ PQRST -ª®¬¯«¥ªá�
�Šƒ (à¨á. 1) ¢ ®¤−®¬ ¨§ 12 áâ�−¤�àâ−ëå ®â¢¥¤¥−¨© [6]. ’¥¬ á�¬ë¬ á−¨¦�¥âáï
áâ®¨¬®áâì à¥£¨áâà¨àãîé¨å ª®¬¯«¥ªá®¢ �Šƒ ¨ ¯®¢ëè�¥âáï íää¥ªâ¨¢−®áâì ¨å
ª«¨−¨ç¥áª®£® ¯à¨¬¥−¥−¨ï.

�à®å®¦¤¥−¨¥ ¨¬¯ã«ìá� ¯® ¯à®¢®¤ïé¥© á¨áâ¥¬¥ á¥à¤æ� £à�ä¨ç¥áª¨ §�¯¨áë-
¢�¥âáï ¯® ¢¥àâ¨ª�«¨ ¢ ¢¨¤¥ ¯¨ª®¢ | ¯®¤ê¥¬®¢ ¨ á¯�¤®¢ ªà¨¢®© «¨−¨¨. �â¨ ¯¨ª¨
−�§ë¢�îâáï §ã¡æ�¬¨ ¨ ®¡®§−�ç�îâáï «�â¨−áª¨¬¨ ¡ãª¢�¬¨ P , Q, R, S ¨ T . ��
�Šƒ ¯® £®à¨§®−â�«¨ §�¯¨áë¢�¥âáï ¢à¥¬ï, ¢ â¥ç¥−¨¥ ª®â®à®£® ¨¬¯ã«ìá ¯à®å®¤¨â
¯® ®¯à¥¤¥«¥−−ë¬ ®â¤¥«�¬ á¥à¤æ�.

„«ï ®¡ãç¥−¨ï á ãç¨â¥«¥¬ ¨ −¥©à®¢ëç¨á«¥−¨© −� ¢å®¤ ˆ�‘ ¯®¤�îâáï ®¡ãç�-
îé�ï ¨ â¥áâ¨àãîé�ï ¯®á«¥¤®¢�â¥«ì−®áâ¨. �«£®à¨â¬ á®§¤�−¨ï ¡�§ë ¤�−−ëå

÷¨á. 1 PQRST -ª®¬¯«¥ªá �Šƒ
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®¡à�§®¢ ¯�â®«®£¨© á¥à¤æ� ¨á¯®«ì§ã¥â à¥§ã«ìâ�âë [7, 8]. �� ¢å®¤ �«£®à¨â¬�
¯®¤�îâáï ä�©«ë ¨§ �àå¨¢� PhysioBank | áâàãªâãà¨à®¢�−−®£® ¬�áá¨¢� æ¨äà®-
¢ëå §�¯¨á¥© �Šƒ ��æ¨®−�«ì−®£® ¨−áâ¨âãâ� ¬¥âà®«®£¨¨ ƒ¥à¬�−¨¨ (Physikalish-
Technishe Bundesanstalt) [9]. ”�©«ë á£àã¯¯¨à®¢�−ë ¢ ¯�¯ª¨ ¯® ¯�â®«®£¨ï¬
¨ ®¡à�¡�âë¢�îâáï á«¥¤ãîé¨¬ ®¡à�§®¬:

(1) §�¯ãáª�¥âáï æ¨ª« á à�á¯®§−�¢�−¨¥¬ R-§ã¡æ®¢ ¢ ä�©«¥ ¨ á®åà�−¥−¨¥¬ ¨å
ª®®à¤¨−�â;

(2) ®¯à¥¤¥«ïîâáïRR-¨−â¥à¢�«ë ¨ ¨§¬¥−ï¥âáï ç�áâ®â� ¤¨áªà¥â¨§�æ¨¨ ¤® 150 ƒæ;
¢à¥¬¥−−‚®¥ ®ª−® ¤«ï �−�«¨§� í«¥ªâà®ª�à¤¨®á¨£−�«� (�Š‘) ¯à¨ ¨§¢«¥ç¥−¨¨
RR-¨−â¥à¢�«®¢ | 0,85 á, â�ª ª�ª ¤«¨â¥«ì−®áâì «¥¢®© ¨ ¯à�¢®© ç�áâ¥©
−®à¬�«ì−®© �Šƒ ¤® ¨ ¯®á«¥ ¯®ï¢«¥−¨ï §ã¡æ� R à�¢−ë á®®â¢¥âáâ¢¥−−® 0,35
¨ 0,5 á; ¤«¨â¥«ì−®áâì §ã¡æ� P ≈ 0,1 á, ¨−â¥à¢�«� PQ ≈ 0,2 á, ¨−â¥à¢�«�
QS ≈ 0,1 á, §ã¡æ� T ≈ 0,25 á [6]; ç�áâ®â� 150 ƒæ ¢ë¡à�−� ª�ª â¨¯¨ç−�ï ¤«ï
á®¢à¥¬¥−−ëå áãâ®ç−ëå ¬®−¨â®à®¢ [10];

(3) ®¯à¥¤¥«¥−¨¥ ®¯®à−ëå â®ç¥ª: £à�−¨æ §ã¡æ®¢ P , Q, S ¨ T [7], | ¨ «¨−¥©-
−�ï −®à¬�«¨§�æ¨ï ª®¬¯®−¥−â®¢ ®¡à�§� �Š‘ ¤® ¤¨�¯�§®−� −¥©à®−®¢ ®â 0 ¤® 1;

(4) á®åà�−¥−¨¥ ®¡à�§®¢ ¢ë¤¥«¥−−ëå ¨§ ä�©«� ª�à¤¨®æ¨ª«®¢ ¢ ä�©« á ¨¬¥−¥¬,
á®¤¥à¦�é¨¬ −®¬¥à ¯�â®«®£¨¨ ¨ ¬¥âªã −�§−�ç¥−¨ï: ®¡ãç¥−¨¥ ¨«¨ â¥áâ¨à®¢�-
−¨¥.

‚ ¨â®£¥ ä®à¬¨àã¥âáï 14 ä�©«®¢ á ®¡ãç�îé¨¬¨ ¨ â¥áâ¨àãîé¨¬¨ ¯®á«¥¤®¢�-
â¥«ì−®áâï¬¨ ¨§ ¯à¨¬¥à®¢ (X1, . . . ,X128;Yi), £¤¥ X1, . . . ,X128 | ¢¥ªâ®à ®¡à�§®¢
�Š‘, ª®¬¯®−¥−âë ª®â®à®£® | ç¨á«� ¨§ ¨−â¥à¢�«� [0, 1], ¯®áâà®¥−−ë© ¯® §�-
¯¨áï¬ ª�à¤¨®æ¨ª«®¢ è¥áâ¨ ¯�â®«®£¨© ¨ −®à¬�«ì−®£® á®áâ®ï−¨ï (¢á¥£® ¢ë¤¥«¥−®
400 ª�à¤¨®æ¨ª«®¢); Yi, i = 1, 6, | ¢ëå®¤, á®®â¢¥âáâ¢ãîé¨© −®à¬¥ ¨«¨ ®¤−®©
¨§ è¥áâ¨ ¤¨�£−®áâ¨àã¥¬ëå −� �Šƒ ¯�â®«®£¨©: ¯à¨−¨¬�¥â §−�ç¥−¨¥ 1, ¥á«¨ −®à-
¬� ¨«¨ ¯�â®«®£¨ï ¨¬¥îâ ¬¥áâ®, ¨ 0 ¢ ¯à®â¨¢−®¬ á«ãç�¥. ÷¥§ã«ìâ�âë à�¡®âë
�«£®à¨â¬� á¢¥¤¥−ë ¢ â�¡«. 1.

’�¡«¨æ� 1 ‘®áâ�¢ ¡�§ë ¤�−−ëå ¯�â®«®£¨© á à�§¤¥«¥−¨¥¬ −� ®¡ãç�îéãî ¨ â¥áâ®¢ãî
¯®á«¥¤®¢�â¥«ì−®áâ¨

�®¬¥à
¯�â®-
«®£¨¨

’¨¯ ¯�â®«®£¨¨
—¨á«®

®¡ãç�îé¨å
¯à¨¬¥à®¢

—¨á«®
â¥áâ¨àãîé¨å

¯à¨¬¥à®¢
0 �®à¬� 23 20
1 †¥«ã¤®çª®¢ë¥ íªáâà�á¨áâ®«ë 29 27
2 �âª«®−¥−¨¥ í«¥ªâà¨ç¥áª®© ®á¨ á¥à¤æ� ¢«¥¢® 27 24
3 �«®ª�¤� «¥¢®© −®¦ª¨ ¯ãçª� ƒ¨á� 35 31
4 ÷ã¡æ®¢®¥ ¯®à�¦¥−¨¥ ¬¨®ª�à¤� 37 34
5 �à¨§−�ª¨ ¯¥à¥£àã§ª¨ «¥¢®£® ¯à¥¤á¥à¤¨ï 30 27
6 ��¤¦¥«ã¤®çª®¢ë¥ −�àãè¥−¨ï à¨â¬� 31 28
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ˆáá«¥¤®¢�−¨¥ «�¡®à�â®à−®£® ¯à®â®â¨¯� ¨áªãááâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë

ˆáªãááâ¢¥−−�ï −¥©à®−−�ï á¥âì â¥áâ¨àã¥âáï ¯® çã¢áâ¢¨â¥«ì−®áâ¨, á¯¥æ¨ä¨ç-
−®áâ¨ ¨ ®è¨¡ª¥ ®¡ãç¥−¨ï [8, 11]. —ã¢áâ¢¨â¥«ì−®áâì (Sen) ¢ëç¨á«ï¥âáï ª�ª ®â−®è¥-
−¨¥ 〈ç¨á«� ¨áâ¨−−® ¯®«®¦¨â¥«ì−ëå à¥è¥−¨©〉 ª 〈ç¨á«ã áã¡ê¥ªâ®¢ á §�¡®«¥¢�−¨¥¬〉
¨ ®âà�¦�¥â á¯®á®¡−®áâì ˆ�‘ ®¡−�àã¦¨¢�âì §�¡®«¥¢�−¨¥. �®«®¦¨â¥«ì−®¥ à¥-
è¥−¨¥ | á¨âã�æ¨ï ¯®«®¦¨â¥«ì−®£® â¥áâ� ¤«ï ¯�æ¨¥−â�, ¨¬¥îé¥£® §�¡®«¥¢�−¨¥.
‘¯¥æ¨ä¨ç−®áâì (Sp) ¢ëç¨á«ï¥âáï ª�ª ®â−®è¥−¨¥ 〈ç¨á«� ¨áâ¨−−® ®âà¨æ�â¥«ì−ëå
à¥è¥−¨©〉 ª 〈ç¨á«ã áã¡ê¥ªâ®¢ ¡¥§ §�¡®«¥¢�−¨ï〉 ¨ ®âà�¦�¥â â®ç−®áâì ®¯à¥¤¥«¥−¨ï
®âáãâáâ¢¨ï §�¡®«¥¢�−¨ï. �âà¨æ�â¥«ì−®¥ à¥è¥−¨¥ | á¨âã�æ¨ï ®âà¨æ�â¥«ì−®£®
â¥áâ� ¤«ï ¯�æ¨¥−â�, −¥ ¨¬¥îé¥£® §�¡®«¥¢�−¨ï.

�è¨¡ª� ®¡ãç¥−¨ï ˆ�‘ ¢ëç¨á«ï¥âáï �«£®à¨â¬®¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï
®è¨¡ª¨ ¯® ä®à¬ã«¥ [12]:

δn
i = y

n
i − di , (1)

£¤¥ yn
i | §−�ç¥−¨¥ ¢ëå®¤� i-£® −¥©à®−� ¢ëå®¤−®£® n-£® á«®ï; di | âà¥¡ã¥¬®¥

§−�ç¥−¨¥ i-£® ¢ëå®¤�, i = 1, 6.
�¡ãç¥−¨¥ ¨ â¥áâ¨à®¢�−¨¥ ˆ�‘ á ®æ¥−ª®© Sen, Sp ¨ δ ¢ §�¢¨á¨¬®áâ¨ ®â ç¨á«�

−¥©à®−®¢ ¢ áªàëâëå á«®ïå ª�¦¤®£® ¬®¤ã«ï à¥�«¨§®¢�−® ¯®íâ�¯−®: (1) §�¯ãáª
æ¨ª«� ¯® ¯¥à¥¡®àã ç¨á«� −¥©à®−®¢ ¢ áªàëâ®¬ á«®¥ ª�¦¤®£® ¬®¤ã«ï −¥©à®á¥â¨
á è�£®¬ 10 ®â 1 ¤® 51; (2) −¥©à®¢ëç¨á«¥−¨ï á §�¤�−−ë¬ ç¨á«®¬ −¥©à®−®¢ áªàë-
âëå á«®¥¢ ¨ ¢ëè¥®¯à¥¤¥«¥−−ë¬¨ ¯�à�¬¥âà�¬¨: â¨¯ −¥©à®á¥â¨, ¤¨�¯�§®−ë ¢å®¤�,
äã−ªæ¨¨ ®¡ãç¥−¨ï ¨ ®è¨¡ª¨ ®¡ãç¥−¨ï, ç¨á«® á«®¥¢ ¨ −¥©à®−®¢ ¢ á«®¥, äã−ªæ¨ï
�ªâ¨¢�æ¨¨ á«®¥¢; (3) ¯¥à¥¡®à ¨ ®¡ãç¥−¨¥ ¬®¤ã«¥© −¥©à®á¥â¨, §�â¥¬ â¥áâ¨à®¢�−¨¥
¨ ¢ëç¨á«¥−¨¥ ®è¨¡ª¨ ®¡ãç¥−¨ï Sen ¨ á¯¥æ¨ä¨ç−®áâ¨ Sp; (4) ¨áá«¥¤®¢�−¨¥ −¥©-
à®á¥â¨ §�¢¥àè�¥âáï á®åà�−¥−¨¥¬ ¯®ª�§�â¥«¥© ®æ¥−ª¨ à�¡®âë ˆ�‘ ¤«ï ª�¦¤®£®
§�¤�−−®£® ç¨á«� −¥©à®−®¢ áªàëâ®£® á«®ï: 1, 11, 21, 31, 41 ¨ 51.

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ á −¥©à®−−®© á¥âìî ¤«ï à�á¯®§−�¢�−¨ï �Šƒ ¯à¥¤-
áâ�¢«¥−ë −� à¨á. 2.

‡�¢¨á¨¬®áâ¨ çã¢áâ¢¨â¥«ì−®áâ¨ Sen ¨ á¯¥æ¨ä¨ç−®áâ¨ Sp ®â ç¨á«� −¥©à®−®¢
áªàëâ®£® á«®ï (I) ¤«ï ¬®¤ã«¥© ¯�â®«®£¨© ¯®¤ −®¬¥à�¬¨ 0{2, 3{5 ¨ 6 (á¬. â�¡«. 1)
¯à¥¤áâ�¢«¥−ë −� à¨á. 2, �, 2, ¡ ¨ 2, ¢ á®®â¢¥âáâ¢¥−−®. ‡�¢¨á¨¬®áâ¨ ®è¨¡ª¨
®¡ãç¥−¨ï δ ®â ç¨á«� −¥©à®−®¢ áªàëâ®£® á«®ï ¤«ï ¢á¥å á¥¬¨ ¬®¤ã«¥© | −�
à¨á. 2, £. ’�ª ª�ª ¯®ª�§�â¥«¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¨ á¯¥æ¨ä¨ç−®áâ¨ | íâ® ¬¥àë
¤®áâ®¢¥à−®£® ®¡−�àã¦¥−¨ï ¯�â®«®£¨© ¨ ã¢¥à¥−−®áâ¨ ¢ ¨å ®âáãâáâ¢¨¨, ¢ ¨¤¥�«¥
®−¨ ¤®«¦−ë ¡ëâì ¡«¨§ª¨ ª ¥¤¨−¨æ¥, � à�§−®áâì ¬¥¦¤ã −¨¬¨ áâà¥¬¨âìáï ª −ã«î.
�®íâ®¬ã §−�ç¥−¨ï ¤«ï ç¨á«� −¥©à®−®¢ ¢ áªàëâëå á«®ïå ¬®¤ã«¥© ¢ë¡¨à�«¨áì
â�ª¨¬ ®¡à�§®¬, çâ®¡ë à�§−¨æ� ¬¥¦¤ã Sen ¨ Sp ¡ë«� ¬¨−¨¬�«ì−®© «¨¡®, ¥á«¨
à�§−¨æ� (Sen − Sp) ®¤¨−�ª®¢�, â® ¡ë«� ¡ë ¬¨−¨¬�«ì−®© ®è¨¡ª� ®¡ãç¥−¨ï. Š�ª
à¥§ã«ìâ�â ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï ç¨á«® −¥©à®−®¢ áªàëâ®£® á«®ï, §−�ç¥−¨ï Sen,
Sp ¨ ®è¨¡ª¨ ®¡ãç¥−¨ï à�¢−ë:

{ ¤«ï ¬®¤ã«ï 0 | 11, 0,87, 0,98, 0,0023;

{ ¤«ï ¬®¤ã«ï 1 | 11, 0,91, 0,998, 0,0021;

{ ¤«ï ¬®¤ã«ï 2 | 21, 1, 1, 0,00024;

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014 125



ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. �. ÷ã¬®¢áª�ï

÷¨á. 2 ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ˆ�‘÷�Šƒ: 0 | ¬®¤ã«ì,
á®®â¢¥âáâ¢ãîé¨© −®à¬¥; 1 | ¬®¤ã«ì, à�á¯®§−�îé¨© ¦¥«ã¤®çª®¢ë¥ íªáâà�á¨áâ®«ë −�
�Šƒ; 2 | ®âª«®−¥−¨¥ í«¥ªâà¨ç¥áª®© ®á¨ á¥à¤æ� ¢«¥¢®; 3 | ¡«®ª�¤� «¥¢®© −®¦ª¨ ¯ãçª�
ƒ¨á�; 4 | àã¡æ®¢®¥ ¯®à�¦¥−¨¥ ¬¨®ª�à¤�; 5 | ¯à¨§−�ª¨ ¯¥à¥£àã§ª¨ «¥¢®£® ¯à¥¤á¥à¤¨ï;
6 | −�¤¦¥«ã¤®çª®¢ë¥ −�àãè¥−¨ï à¨â¬�
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{ ¤«ï ¬®¤ã«ï 3 | 21, 1, 0,998, 0,0002;
{ ¤«ï ¬®¤ã«ï 4 | 21, 0,89, 0,9, 0,0071;
{ ¤«ï ¬®¤ã«ï 5 | 11, 1, 1, 0,00025;
{ ¤«ï ¬®¤ã«ï 6 | 31, 0,823, 0,98, 0,00025.

’�ª¨¬ ®¡à�§®¬, ¯®á«¥ ®¡ãç¥−¨ï ˆ�‘÷�Šƒ áà¥¤−¨¥ §−�ç¥−¨ï çã¢áâ¢¨â¥«ì-
−®áâ¨ ¨ á¯¥æ¨ä¨ç−®áâ¨ à�¢−ë 0,926 ¨ 0,979 á®®â¢¥âáâ¢¥−−®. ˆ−ë¬¨ á«®¢�¬¨,
¢ 93% á«ãç�¥¢ ¬®¤¥«ì à�á¯®§−�¥â −�«¨ç¨¥ ¯�â®«®£¨¨, ¢ 98% | ®âáãâáâ¢¨¥ ¯�â®«®-
£¨¨, çâ® ãª�§ë¢�¥â −� à¥«¥¢�−â−®áâì ¬®¤¥«¨ à¥�«ì−®© ¤¨�£−®áâ¨ç¥áª®© á¨âã�æ¨¨ ¨
¯®§¢®«ï¥â ¢ª«îç¨âì ¬®¤¥«ì ¢ £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ ¤«ï −¥©à®¢ëç¨á«¥−¨©.

2.2 Обучение и тестирование функционального элемента — искусственной
нейронной сети для расчета нормальных показателей суточного
мониторирования артериального давления

Œ®¤¥«ì ˆ�‘ ¤«ï ®¯à¥¤¥«¥−¨ï −®à¬�«ì−ëå ¯®ª�§�â¥«¥© áãâ®ç−®£® ¬®−¨â®-
à¨à®¢�−¨ï �„ (ˆ�‘‘Œ�„) áâà®¨â ¯à®£−®§ë, ª®−âà®«¨àã¥â ¤�−−ë¥ ¨§¬¥à¥−¨©
áãâ®ç−®£® �„ ¯�æ¨¥−â� ¨ á®áâ®¨â ¨§ ¤¢ãå −¥©à®á¥â¥©: ¤«ï á¨áâ®«¨ç¥áª®£® ¨ ¤«ï
¤¨�áâ®«¨ç¥áª®£® �„.

‚ [5] ¤«ï íâ¨å −¥©à®á¥â¥© ¢ë¡à�−ë:

{ â®¯®«®£¨ï | á¥â¨ ¡¥§ ®¡à�â−ëå á¢ï§¥©;
{ �àå¨â¥ªâãà� | ¬−®£®á«®©−ë¥ á¥â¨ á ¯àï¬ë¬ à�á¯à®áâà�−¥−¨¥¬ á¨£−�«�,

á ®¡à�â−ë¬ à�á¯à®áâà�−¥−¨¥¬ ®è¨¡ª¨ ¨ «®£¨áâ¨ç¥áª®© äã−ªæ¨¥© �ªâ¨¢�æ¨¨;
{ ç¨á«® −¥©à®−®¢ ¢å®¤−®£® á«®ï | 2 (¯®« ¨ ¢®§à�áâ ¯�æ¨¥−â�) ¨ ¢ëå®¤−®£®

á«®ï | 24 −¥©à®−�, ¯®áª®«ìªã á¨áâ®«¨ç¥áª®¥ ¨ ¤¨�áâ®«¨ç¥áª®¥ ¤�¢«¥−¨¥
ã ¯�æ¨¥−â� ¨§¬¥àï¥âáï ª�¦¤ë¥ ¯®«ç�á� á ãáà¥¤−¥−¨¥¬ §� ç�á;

{ ¨áå®¤−®¥ ç¨á«® −¥©à®−®¢ ¢ áªàëâ®¬ á«®¥ ¢�àì¨à®¢�«®áì ¢ íªá¯¥à¨¬¥−â�å ®â 1
¤® 10 ¨ ¯®¤¡¨à�«®áì ¯® §−�ç¥−¨î ®è¨¡ª¨ ®¡ãç¥−¨ï (1) ¯à¨ i = 1, 24.

„«ï ®¡ãç¥−¨ï á ãç¨â¥«¥¬ −� ¢å®¤ ˆ�‘ ¯®¤�¢�«¨áì ®¡ãç�îé�ï ¨ â¥áâ¨àãîé�ï
¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§ ¯à¨¬¥à®¢ (X1,X2; Y11, . . . Y1 24;Y21, . . . , Y2 24), £¤¥ X1
¨ X2 | íâ® ¢¥ªâ®à ¢å®¤®¢: ¯®« (0 | ¬ã¦áª®©, 1 | ¦¥−áª¨©) ¨ ¢®§à�áâ
(−®à¬�«¨§ã¥âáï ¤® §−�ç¥−¨© ¢ ¨−â¥à¢�«¥ [0; 1]); Y11, . . . , Y1 24 ¨ Y21, . . . , Y2 24 |
¢ëå®¤ë 1-© ¨ 2-© −¥©à®á¥â¥© á®®â¢¥âáâ¢¥−−®: á¨áâ®«¨ç¥áª®¥ ¨ ¤¨�áâ®«¨ç¥áª®¥
¤�¢«¥−¨¥ (−®à¬�«¨§ãîâáï ¤® §−�ç¥−¨© ¢ ¨−â¥à¢�«¥ [0, 1]). �¡ãç�îé¨¥ ¨ â¥áâ®¢ë¥
¢ë¡®àª¨ áä®à¬¨à®¢�−ë ¨§ �àå¨¢� ª�àâ ¯�æ¨¥−â®¢ Š�«¨−¨−£à�¤áª®© ®¡«�áâ−®©
ª«¨−¨ç¥áª®© ¡®«ì−¨æë (Š�Š�) ¨ ¯à¥¤áâ�¢«¥−ë ç¥âëàì¬ï ä�©«�¬¨: ¤¢� ¤«ï
®¡ãç¥−¨ï ¨ ¤¢� ¤«ï â¥áâ¨à®¢�−¨ï. „«ï ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï −¥©à®á¥âì
¬®¤¥«¨àã¥âáï á §�¤�−−ë¬ ç¨á«®¬ −¥©à®−®¢ áªàëâëå á«®¥¢ (1, 2, 3, 4, 5, 6,
7, 8, 9, 10), §�â¥¬ ®¡ãç�¥âáï ¨ â¥áâ¨àã¥âáï á ¢ëç¨á«¥−¨¥¬ ®è¨¡ª¨ ®¡ãç¥−¨ï,
á®åà�−ï¥¬®© ¢¬¥áâ¥ á §�¤�−−ë¬ ç¨á«®¬ −¥©à®−®¢ áªàëâ®£® á«®ï.

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ á ˆ�‘ ¤«ï áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �„ ¯à¥¤-
áâ�¢«¥−ë −� à¨á. 3 §�¢¨á¨¬®áâï¬¨ áà¥¤−¥© ®è¨¡ª¨ ®¡ãç¥−¨ï δ ®â ç¨á«� −¥©à®−®¢
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÷¨á. 3 ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ˆ�‘ ¬®−¨â®à¨−£� �„

áªàëâ®£® á«®ï I: ¤«ï ¬®¤ã«ï á¨áâ®«¨ç¥áª®£® ¤�¢«¥−¨ï ¯® ¯®«ã ¨ ¢®§à�áâã
¡®«ì−®£® | −� à¨á. 3, �, � ¤«ï ¬®¤ã«ï ¤¨�áâ®«¨ç¥áª®£® �„ | −� à¨á. 3, ¡.

—¨á«® −¥©à®−®¢ ¢ áªàëâëå á«®ïå ®¡®¨å ¬®¤ã«¥© ¢ë¡¨à�«®áì â�ª, çâ®¡ë
®è¨¡ª� ®¡ãç¥−¨ï ¡ë«� ¬¨−¨¬�«ì−®©. ‚ à¥§ã«ìâ�â¥ ®¯â¨¬�«ì−ë¬ ®ª�§�«®áì
ç¨á«® ç¥âëà¥ á −�¨¬¥−ìè¨¬¨ áà¥¤−¨¬¨ ®è¨¡ª�¬¨ ®¡ãç¥−¨ï 0,021 ¨ 0,015 ¤«ï
¯¥à¢®£® ¨ ¢â®à®£® ¬®¤ã«ï á®®â¢¥âáâ¢¥−−®.

‚ ¨â®£¥ íªá¯¥à¨¬¥−â®¢ áà¥¤−¥¥ §−�ç¥−¨¥ ®è¨¡ª¨ ®¡ãç¥−¨ï ¤«ï ˆ�‘‘Œ�„
á®áâ�¢¨«® 0,018, çâ® ¯®§¢®«¨«® ¢ª«îç¨âì ¥¥ ¢ £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥
á ®æ¥−ª®© 98% à¥«¥¢�−â−®áâ¨ ¯à®£−®§� �„ ¯�æ¨¥−â� ¤¨�£−®áâ¨ç¥áª®© á¨âã�æ¨¨.
’�ª�ï ®æ¥−ª� ¯®¢ëè�¥â ¢¥à®ïâ−®áâì ¤®áâ®¢¥à−®áâ¨ §�ª«îç¨â¥«ì−®£® ¤¨�£−®§�,
ä®à¬¨àã¥¬®£® ¬®¤¥«ìî, à¥è�îé¥© ¯®¤§�¤�çã ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �ƒ,
áâ¥¯¥−¨ à¨áª� á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�−¨© (‘‘‡)û ¨ ¨á¯®«ì§ãîé¨¬ −¥©-
à®á¥â¥¢®© ¯à®£−®§.

2.3 Исследование технологических элементов — генетических алгоритмов,
решающих задачу построения информативного набора симптомов
при диагностике заболеваний

Œ®¤¥«¨ ƒ� ¯®¤§�¤�ç ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�ª®¢ (á¨¬-
¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥ §�¡®«¥¢�−¨©û à¥è�îâ §�¤�ç¨ ¡¥§ãá«®¢−®© ®¯â¨¬¨§�æ¨¨
−� ¬−®¦¥áâ¢¥ ¯à¨§−�ª®¢, ¯® ª®â®àë¬ ¤¨�£−®áâ¨àãîâáï §�¡®«¥¢�−¨ï ¨§ ¤¥ª®¬-
¯®§¨æ¨¨ á«®¦−®© §�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ, ¨ ¨áª«îç�îâ ¨§ à�áá¬®âà¥−¨ï ‚¨à-
âã�«ì−®£® ª®−á¨«¨ã¬� ¨§¡ëâ®ç−ë¥ ¨ ¢§�¨¬®§�¢¨á¨¬ë¥ ¯à¨§−�ª¨ §�¡®«¥¢�−¨©.
�â® ¬¨−¨¬¨§¨àã¥â ®¡é¥¥ ç¨á«® ¢å®¤−ëå ¯¥à¥¬¥−−ëå (¯à¨§−�ª®¢, á¨¬¯â®¬®¢) −�
¢å®¤¥ −¥ç¥âª¨å á¨áâ¥¬ (�‘), à¥è�îé¨å §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¯�â®«®£¨ç¥áª®£®
á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â� îóäáç1{îóäáç9 (−� à¨á. 4 (á¬. á. 134) íâ¨¬
¯®¤§�¤�ç�¬ á®®â¢¥âáâ¢ãîâ ¬®¤¥«¨ moda

f äáç1
−modaf äáç9 ).
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ˆáá«¥¤®¢�−¨¥ «�¡®à�â®à−®£® ¯à®â®â¨¯� ¨áªãááâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë

“ ª�¦¤®£® ª«�áá¨ç¥áª®£® çák [13] ¨§ ƒ���‘1{9 à�§¬¥à ¨−¤¨¢¨¤ãã¬� (ink)
à�¢¥− ®¡é¥¬ã ª®«¨ç¥áâ¢ã ãç¨âë¢�¥¬ëå ¯à¨§−�ª®¢ ¢ á®®â¢¥âáâ¢ãîé¥© ¯®¤§�¤�ç¥
¨§ „�ƒk ¤«ï ¯®¤§�¤�ç ��‘k (k = 1, 9) | in1{9 = 30, 20, 80, 20, 65, 65, 190,
130, 25 £¥−�¬ á®®â¢¥âáâ¢¥−−®. ‡−�ç¥−¨¥ £¥−�, à�¢−®¥ 1, á®®â¢¥âáâ¢ã¥â á¨¬¯â®¬ã,
¯à¨−�¤«¥¦�é¥¬ã ¬−®¦¥áâ¢ã ú“ç¨âë¢�¥¬ë¥ ¯à¨§−�ª¨û, ¨ 0 | ¯à¨§−�ªã, −¥
¢ª«îç¥−−®¬ã ¢ íâ® ¬−®¦¥áâ¢®. ÷�¡®â�¥â ƒ�k á«¥¤ãîé¨¬ ®¡à�§®¬:

(1) ¨−¨æ¨�«¨§�æ¨ï | ¢ë¡®à −�ç�«ì−®© ¯®¯ã«ïæ¨¨ ¨−¤¨¢¨¤ãã¬®¢ ¢ NKB =
= 20 ®á®¡ï¬;

(2) ª�¦¤ë© ¨−¤¨¢¨¤ãã¬ −�ª«�¤ë¢�¥âáï ª�ª ¬�áª� −� k-î �‘, ¯à¨ íâ®¬ ¢ k-© �‘
ãç¨âë¢�îâáï â®«ìª® á¨¬¯â®¬ë, ¯à¨−¨¬�îé¨¥ §−�ç¥−¨ï 1 ã ¨−¤¨¢¨¤ãã¬�;

(3) ¢ëç¨á«ïîâáï äã−ªæ¨¨ ¯à¨á¯®á®¡«¥−−®áâ¨ ¨−¤¨¢¨¤ãã¬� ª�ª áà¥¤−¥ª¢�¤à�-
â¨ç¥áª�ï ®è¨¡ª� ¯®áâ�−®¢ª¨ ¤¨�£−®§� ¯® ä®à¬ã«¥:

fi =
1

Nk

√

√

√

√

√

Nk
∑

l=1









N
∑

j=1

δlj





/

N





2

, (2)

£¤¥ i = 1, NKB | −®¬¥à ¨−¤¨¢¨¤ãã¬� ¢ ¯®¯ã«ïæ¨¨; j | ç¨á«® −�¡«î¤¥−¨©
¢ â¥áâ®¢®© ¢ë¡®àª¥ (N = 15); fi | áà¥¤−¥ª¢�¤à�â¨ç¥áª�ï ®è¨¡ª� ª«�áá¨ä¨-
ª�æ¨¨ k-© �‘ −� â¥áâ®¢®© ¢ë¡®àª¥ ¨§ 15 −�¡«î¤¥−¨© ¯à¨§−�ª®¢ á®áâ®ï−¨ï
§¤®à®¢ìï ¯�æ¨¥−â�; δij | ®è¨¡ª� ª«�áá¨ä¨ª�æ¨¨ ¯® l-¬ã ¢ëå®¤ã k-© �‘
(à�¢−� 1, ¥á«¨ á®¢¯�¤�¥â á íâ�«®−®¬, ¨ 0 | ¥á«¨ −¥â); Nk | ç¨á«® ¢ëå®¤®¢
k-© �‘;

(4) ®â¡®à à®¤¨â¥«¥© ¬¥â®¤®¬ âãà−¨à−®© á¥«¥ªæ¨¨: à�§¬¥à âãà−¨à� | 2;

(5) ¨§¡à�−−ë¥ ¯®à®¦¤�îâ −®¢ë¥ ®á®¡¨-¯®â®¬ª¨ ®¯¥à�â®à�¬¨ ¬ãâ�æ¨¨ (¢¥à®ïâ-
−®áâì 0,01) ¨ áªà¥é¨¢�−¨ï (¢¥à®ïâ−®áâì 0,5), ¨ ä®à¬¨àã¥âáï −®¢�ï ¯®¯ã«ï-
æ¨ï;

(6) ¯®á«¥ 50 ¨â¥à�æ¨© ¢ë¡¨à�¥âáï −�¨«ãçè�ï ®á®¡ì á ®¯â¨¬�«ì−ë¬ −�¡®à®¬
¯à¨§−�ª®¢ | íâ® ¨ ¥áâì ¬�áª¨àãîé�ï ¨−ä®à¬�æ¨ï, �à£ã¬¥−â äã−ªæ¨¨
¬®¤¨ä¨ª�æ¨¨ k-© �‘ (¯® ã¬®«ç�−¨î á®¤¥à¦¨â ¢¥áì −�¡®à ¯à¨§−�ª®¢,
®â®¡à�−−ëå íªá¯¥àâ�¬¨).

÷¥§ã«ìâ�âë à�¡®âë ƒ� ¨§ ƒ���‘1{9 ¨áá«¥¤®¢�«¨áì ¢ áà�¢−¥−¨¨ á ¤�−−ë¬¨
â�¡«. 2, á®¤¥à¦�é¥© ®¡ê¥¬ë ¢å®¤−®© ¨−ä®à¬�æ¨¨ ¤«ï �‘, ¯®«ãç¥−−ë¥ ¢ [14]
¯® ¤�−−ë¬ ® ª®íää¨æ¨¥−â�å ¤®áâ®¢¥à−®áâ¨ CF(H, E) ®â®¡à�−−ëå íªá¯¥àâ®¬
¯à¨§−�ª®¢, ¢ëç¨á«ï¢è¨åáï ¯® â¥®à¨¨ ¯®¤â¢¥à¦¤¥−¨ï Š�à−�¯� [15].

’¥®à¨ï ä�ªâ®à®¢ ã¢¥à¥−−®áâ¨ ®á−®¢�−� −� ¤¢ãå ®æ¥−ª�å: ¬¥à¥ ¤®¢¥à¨ï
MB(H, E) ¨ ¬¥à¥ −¥¤®¢¥à¨ï MD(H, E). �â¨ äã−ªæ¨¨ ãª�§ë¢�îâ áâ¥¯¥−ì
ã¢¥«¨ç¥−¨ï ¤®¢¥à¨ï ª £¨¯®â¥§¥H, ¥á«¨ ä�ªâE ¯à®¨§®è¥«, ¨ áâ¥¯¥−ì ã¢¥«¨ç¥−¨ï
−¥¤®¢¥à¨ï ª £¨¯®â¥§¥ H, ¥á«¨ ä�ªâ E ¨¬¥« ¬¥áâ®, á®®â¢¥âáâ¢¥−−®. ‡−�ç¥−¨ï
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’�¡«¨æ� 2 �¯â¨¬�«ì−ë© −�¡®à ¢å®¤−ëå ¯à¨§−�ª®¢ ¤«ï �‘„�ƒ1{9

ü ��¨¬¥−®¢�−¨¥ �‘

�¡ê¥¬ ¢å®¤−®© ¨−ä®à¬�æ¨¨ �‘

ˆáå®¤−ë©
�®á«¥

®¡à�¡®âª¨
ƒ�

‚ëç¨á«¥−−ë©
¯® ª®íää¨æ¨¥−âã

¤®áâ®¢¥à−®áâ¨

1
„¨�£−®áâ¨ª� ¯®à�¦¥−¨©
®à£�−®¢-¬¨è¥−¥© 30 25 26

2 „¨�£−®áâ¨ª� ä�ªâ®à®¢ à¨áª� �ƒ 20 20 20

3
„¨�£−®áâ¨ª� æ¥à¥¡à®¢�áªã«ïà−ëå
¡®«¥§−¥© 80 64 68

4
„¨�£−®áâ¨ª� ¬¥â�¡®«¨ç¥áª®£®
á¨−¤à®¬� ¨ á�å�à−®£® ¤¨�¡¥â� 20 14 15

5
„¨�£−®áâ¨ª� §�¡®«¥¢�−¨©
¯¥à¨ä¥à¨ç¥áª¨å �àâ¥à¨© 65 53 56

6
„¨�£−®áâ¨ª� ¨è¥¬¨ç¥áª®©
¡®«¥§−¨ á¥à¤æ� 65 53 55

7 „¨�£−®áâ¨ª� í−¤®ªà¨−−®© �ƒ 190 145 150

8
„¨�£−®áâ¨ª� ¯�à¥−å¨¬�â®§−®©
−¥äà®¯�â¨¨ 130 93 103

9 „¨�£−®áâ¨ª� à¥−®¢�áªã«ïà−®© �ƒ 25 18 19

MB(H, E) ¨ MD(H, E) à�á¯®«�£�îâáï ¬¥¦¤ã −ã«¥¬ ¨ ¥¤¨−¨æ¥©. ”�ªâ®à
ã¢¥à¥−−®áâ¨ CF(H, E) à�ááç¨âë¢�¥âáï ¯® ä®à¬ã«¥:

CF(H, E) = MB (H, E)−MD(H, E) ,

¯à¨ íâ®¬ CF(H, E) ∈ [−1, 1] ¨ ®¯à¥¤¥«ï¥â áâ¥¯¥−ì ¤®¢¥à¨ï ª £¨¯®â¥§¥ H.
�−�«¨§ ¤�−−ëå â�¡«. 2 ¯®ª�§ë¢�¥â, çâ® ®¡ê¥¬ ¢å®¤−®© ¨−ä®à¬�æ¨¨ ¤«ï

�‘, ¢ëç¨á«¥−−ë© ¯® ª®íää¨æ¨¥−âã ¤®áâ®¢¥à−®áâ¨, ¯à¥¢ëè�¥â ®¡ê¥¬, ¯®«ã-
ç¥−−ë© ¯®á«¥ ƒ�. ˆ−ë¬¨ á«®¢�¬¨, ƒ� ¨áª«îç¨«¨ ¨§ à�áá¬®âà¥−¨ï ¡®«ìè¥¥
ª®«¨ç¥áâ¢® á¨¬¯â®¬®¢, ç¥¬ ¯à¨¬¥−¥−¨¥ �¯¯�à�â� ä�ªâ®à®¢ ã¢¥à¥−−®áâ¨. �−�«¨§
¬−®¦¥áâ¢ á¨¬¯â®¬®¢ ®¡®¨¬¨ ¬¥â®¤�¬¨ ¯®ª�§�«, çâ® à�§−¨æ� ®¡êïá−ï¥âáï â¥¬,
çâ® íªá¯¥àâ ãç¨âë¢�¥â á¨¬¯â®¬ë á ¤®áâ®¢¥à−®áâìî, à�¢−®© −ã«î, −¥ ¢«¨ïîé¨¥
−� ¯®áâ�−®¢ªã ¤¨�£−®§�. ‚ ®¡é¥© ¬�áá¥ á¨¬¯â®¬®¢ ®−¨ â�ª ¨«¨ ¨−�ç¥ ãç¨âë¢�-
îâáï ¢à�ç®¬. ƒ¥−¥â¨ç¥áª¨¥ �«£®à¨â¬ë ¨áª«îç�îâ ¨§ à�áá¬®âà¥−¨ï ¯®ª�§�â¥«¨
§¤®à®¢ìï á −ã«¥¢ë¬ ª®íää¨æ¨¥−â®¬ ¤®áâ®¢¥à−®áâ¨. ’�ª¨¬ ®¡à�§®¬, ƒ� ã¤®-
¢«¥â¢®à¨â¥«ì−® ¬¨−¨¬¨§¨àãîâ ®¡é¥¥ ç¨á«® ¢å®¤−ëå ¯¥à¥¬¥−−ëå (á¨¬¯â®¬®¢)
−� ¢å®¤¥ îóäáç1{îóäáç9, à¥è�îé¨å §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¯�â®«®£¨ç¥áª®-
£® á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â�. �â® ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì ‚¨àâã�«ì−®£®
ª®−á¨«¨ã¬�, ¯®áª®«ìªã ã¬¥−ìè�¥âáï ®¡ê¥¬ ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ ® ¯®-
ª�§�â¥«ïå á®áâ®ï−¨ï §¤®à®¢ìï ç¥«®¢¥ª�, ¢¢®¤¨¬ëå ¢ á¨áâ¥¬ã, � â�ª¦¥ á−¨¦�¥â
¢à¥¬ï ®¯à®á�, ®á¬®âà� ¨ ®¡á«¥¤®¢�−¨ï ¯�æ¨¥−â� ¢à�ç®¬.
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2.4 Тестирование функциональных элементов гетерогенного модельного
поля — нечетких систем, решающих подзадачи классификации
патологического состояния здоровья пациента

�â¨ ¯®¤§�¤�ç¨ á£àã¯¯¨à®¢�−ë ¢ ¯®¤§�¤�çã ú„¨�£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨
á¥à¤¥ç−®- á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û ¨ ¯®¤§�¤�çã ú�æ¥−ª�
áâ¥¯¥−¨ ¨ áâ�¤¨¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª� ‘‘‡û.

Œ®¤¥«¨ îóäáç1{îóäáç9 ¯®¤§�¤�ç ¨§ £àã¯¯ë ú„¨�£−®áâ¨ª� ªà¨â¥à¨-
¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û („�ƒ1{9)
ª«�áá¨ä¨æ¨àãîâ ¯�â®«®£¨ç¥áª®¥ á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â�.

Œ®¤¥«ì �‘‘‘‘ ¯®¤§�¤�ç¨ ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �àâ¥à¨�«ì−®© £¨¯¥à-
â¥−§¨¨, áâ¥¯¥−¨ à¨áª� ‘‘‡û (‘‘‘) ¢ á®®â¢¥âáâ¢¨¨ á ¤¥ª®¬¯®§¨æ¨¥© á«®¦−®©
§�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ [4] ¯à¨¬¥−ï¥âáï ¯®á«¥¤−¥© ¢ ‚¨àâã�«ì−®¬ ª®−á¨«¨ã¬¥ ¨
ª«�áá¨ä¨æ¨àã¥â:

(1) áâ¥¯¥−ì �ƒ ¯® ¤�−−ë¬ á¨áâ®«¨ç¥áª®£®, ¤¨�áâ®«¨ç¥áª®£® ¤�¢«¥−¨ï ¨ ¤�−−ë¬
®â ˆ�‘‘Œ�„;

(2) áâ�¤¨î íáá¥−æ¨�«ì−®© �ƒ (¨«¨ £¨¯¥àâ®−¨ç¥áª®© ¡®«¥§−¨) ¢ á«ãç�¥ ®âáãâáâ¢¨ï
¢â®à¨ç−®© �ƒ (¤¨�£−®áâ¨àã¥âáï �‘„�ƒ7{9) ¯® ¤�−−ë¬ ®â �‘„�ƒ1{3,
�‘„�ƒ5 ¨ �‘„�ƒ6;

(3) ®¡é¨© à¨áª ‘‘‡ ã ¡®«ì−®£® ¯® ¤�−−ë¬ ®â �‘„�ƒ1{6, | ¨ ä®à¬¨àã¥â
¤¨�£−®§.

‚ [5] ¡ë«¨ ®¯à¥¤¥«¥−ë ¯�à�¬¥âàë �‘:

(1) �«£®à¨â¬ −¥ç¥âª¨å à�ááã¦¤¥−¨© ‘ã£¥−®;

(2) ¯à®áâà�−áâ¢® ¢ëå®¤®¢ Y = Y1 × · · · × YNY
| ç¥âª¨å ª®−áâ�−â −� ¨−â¥à¢�«¥

[0, 1], à�§¬¥à−®áâì ª®â®à®£® (ç¨á«® ª«�áá®¢) NY = 7, 7, 10, 2, 6, 5, 19, 22,
2, 15 á®®â¢¥âáâ¢¥−−®;

(3) ¯à®áâà�−áâ¢® ¢å®¤®¢ X = X1 × · · · × XNX
| −¥ç¥âª¨¥ «¨−£¢¨áâ¨ç¥áª¨¥

¯¥à¥¬¥−−ë¥, à�§¬¥à−®áâì ª®â®à®£® NX = 30, 20, 80, 20, 65, 65, 190, 130,
25, 64;

(4) á¨£¬®¨¤−�ï ¨ âà¥ã£®«ì−�ï äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨;

(5) à�§¬¥àë ¡�§ §−�−¨© ¤«ï îóäáç1{îóäáç9, �‘‘‘‘ à�¢−ë 10, 14, 15,
10, 30, 20, 30, 20, 24 ¨ 70 á®®â¢¥âáâ¢¥−−® ¨ á®¤¥à¦�â −¥ç¥âª¨¥ ¯à�¢¨«� ¢¨¤�
(x1j = a1j—j · · ·—jxnj = 1nj) ⇒ y = dj, £¤¥ j | −®¬¥à ¯à�¢¨«� ¢ ¡�§¥
§−�−¨©, —j | «®£¨ç¥áª�ï ®¯¥à�æ¨ï, � dj | ç¥âª®¥ ç¨á«® (1 | ¨áâ¨−�, 0 |
«®¦ì);

(6) ¤¥ä�§§¨ä¨ª�æ¨ï | ¬®¤¨ä¨æ¨à®¢�−−ë© ¢�à¨�−â ¬¥â®¤� æ¥−âà� âï¦¥áâ¨ ¤«ï
®¤−®â®ç¥ç−ëå ¬−®¦¥áâ¢.

”ã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¢å®¤−ëå «¨−£¢¨áâ¨ç¥áª¨å ¯¥à¥¬¥−−ëå ¯®áâà®¥−ë
¬¥â®¤®¬ íªá¯¥àâ−®£® ®¯à®á� [16], � ¯à®áâà�−áâ¢� ¢å®¤®¢ ¨ ¢ëå®¤®¢ X, Y ¨ ¡�§�
§−�−¨© KB ¯®áâà®¥−ë ¯® à¥ª®¬¥−¤�æ¨ï¬ ª®¬¨â¥â� íªá¯¥àâ®¢ ‚á¥à®áá¨©áª®£®
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’�¡«¨æ� 3 ÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï �‘ ¤¨�£−®áâ¨ª¨ ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®-
áã¤¨áâ®£® à¨áª�, ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â� ¨ ®æ¥−ª¨ áâ¥¯¥−¨ ¨ áâ�¤¨¨ �ƒ, áâ¥¯¥−¨ à¨áª�
‘‘‡

ü ��¨¬¥−®¢�−¨¥ �‘
—ã¢áâ¢¨-
â¥«ì−®áâì

�‘

‘¯¥æ¨-
ä¨ç−®áâì

�‘

‘à¥¤−¥-
ª¢�¤à�â¨ç¥áª�ï

®è¨¡ª�
ª«�áá¨ä¨ª�æ¨¨
¯�â®«®£¨ç¥áª®£®

á®áâ®ï−¨ï
§¤®à®¢ìï
¯�æ¨¥−â�

1
„¨�£−®áâ¨ª� ¯®à�¦¥−¨©
®à£�−®¢-¬¨è¥−¥© 0,9 1 0,141

2 „¨�£−®áâ¨ª� ä�ªâ®à®¢ à¨áª� �ƒ 1 1 0

3
„¨�£−®áâ¨ª�
æ¥à¥¡à®¢�áªã«ïà−ëå ¡®«¥§−¥© 0,85 0,8 0,1127

4
„¨�£−®áâ¨ª� ¬¥â�¡®«¨ç¥áª®£®
á¨−¤à®¬� ¨ á�å�à−®£® ¤¨�¡¥â� 1 1 0

5
„¨�£−®áâ¨ª� §�¡®«¥¢�−¨©
¯¥à¨ä¥à¨ç¥áª¨å �àâ¥à¨© 0,95 0,95 0,187

6
„¨�£−®áâ¨ª� ¨è¥¬¨ç¥áª®©
¡®«¥§−¨ á¥à¤æ� 0,95 0,9 0,061

7 „¨�£−®áâ¨ª� í−¤®ªà¨−−®© �ƒ 0,8 0,85 0,135

8
„¨�£−®áâ¨ª� ¯�à¥−å¨¬�â®§−®©
−¥äà®¯�â¨¨ 0,75 0,75 0,164

9 „¨�£−®áâ¨ª� à¥−®¢�áªã«ïà−®© �ƒ 1 1 0

10
�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �ƒ,
áâ¥¯¥−¨ à¨áª� ‘‘‡ 1 1 0

−�ãç−®£® ®¡é¥áâ¢� ª�à¤¨®«®£®¢ (‚��Š) [1], ¨áá«¥¤®¢�−¨ï¬ Staessen á ª®««¥£�-
¬¨ [17] ¨ à¥§ã«ìâ�â�¬ �−�«¨§� ¡¥á¥¤ á íªá¯¥àâ®¬ Š�Š�.

’¥áâ¨à®¢�−¨¥ �‘, à¥è�îé¨å ¯®¤§�¤�ç¨ ú„¨�£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨
á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û ¨ ¯®¤§�¤�çã ú�æ¥−ª�
áâ¥¯¥−¨ ¨ áâ�¤¨¨ �ƒ, áâ¥¯¥−¨ à¨áª� ‘‘‡û, ¯à®¢¥¤¥−® −� 40 −�¡«î¤¥−¨ïå
(â�¡«. 3).

„«ï â¥áâ¨à®¢�−¨ï �‘ áä®à¬¨à®¢�−ë ¢ë¡®àª¨ ¨§ �àå¨¢� ª�àâ ¯�æ¨¥−â®¢
1-£® ª�à¤¨®«®£¨ç¥áª®£® ®â¤¥«¥−¨ï Š�Š� à�§¬¥à−®áâìî N = 40 −�¡«î¤¥−¨©
ª�¦¤�ï. ’�ª¨¬ ®¡à�§®¬, −� ª�¦¤ãî ¨§ ¤¥¢ïâ¨ �‘ ¯®¤�¢�«¨áì ¯® 20 −�¡«î¤¥−¨©
á ¤¨�£−®§®¬, á®¤¥à¦�é¨¬ ¤¨�£−®áâ¨àã¥¬ë¥ ¯�â®«®£¨¨, ¨ ¯® 20 | −¥ á®¤¥à¦�-
é¨¥ ¯à¨§−�ª¨ ¡®«¥§−¨. �® �−�«®£¨¨ á −¥©à®á¥âï¬¨ ¤«ï ª�¦¤®© �‘ ®æ¥−¥−ë
çã¢áâ¢¨â¥«ì−®áâì (Sen) ¨ á¯¥æ¨ä¨ç−®áâì (Sp) ¨ ¢ëç¨á«¥−ë áà¥¤−¥ª¢�¤à�â¨ç¥áª¨¥
®è¨¡ª¨ ª«�áá¨ä¨ª�æ¨¨ (2). „«ï ª�¦¤®© �‘ Sen → 1, Sp → 1 ¨ (Sen − Sp) →
→ 0, � áà¥¤−¥ª¢�¤à�â¨ç¥áª�ï ®è¨¡ª� ª«�áá¨ä¨ª�æ¨¨ ¯�â®«®£¨ç¥áª®£® á®áâ®ï−¨ï
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®¡á«¥¤ã¥¬®£® «¨¡® à�¢−� −ã«î, «¨¡® −¥ ¯à¥¢ëè�¥â 0,16, çâ® ¯®¢ëè�¥â ª�ç¥áâ¢®
¤¨�£−®§®¢ ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬�. ‘à¥¤−¥ª¢�¤à�â¨ç¥áª�ï ®è¨¡ª� ¬®¤¥«¨,
®æ¥−¨¢�îé¥© áâ¥¯¥−ì ¨ áâ�¤¨î �ƒ, � â�ª¦¥ áâ¥¯¥−ì à¨áª� ‘‘‡, ª®â®à�ï à�¡®-
â�¥â ¯®á«¥¤−¥© ¨ ä�ªâ¨ç¥áª¨ ä®à¬¨àã¥â ¤¨�£−®§, à�¢−� −ã«î, çâ® §−�ç¨â¥«ì−®
¯®¢ëè�¥â ¤®áâ®¢¥à−®áâì ¤¨�£−®§� á¨áâ¥¬ë. ‚ ¨â®£¥ â¥áâ¨à®¢�−¨¥ ¯®ª�§�«® ¢®§-
¬®¦−®áâ¨ ¢ª«îç¥−¨ï ¢á¥å ¬®¤¥«¥©îóäáç1{îóäáç9 ¨ �‘‘‘‘ ¢ £¥â¥à®£¥−−®¥
¬®¤¥«ì−®¥ ¯®«¥.

3 Результаты экспериментов с лабораторным прототипом
Виртуального консилиума для решения сложной задачи
диагностики артериальной гипертензии

��àï¤ã á £¥â¥à®£¥−−ë¬ ¬®¤¥«ì−ë¬ ¯®«¥¬ ®á−®¢−�ï á®áâ�¢«ïîé�ï ‚¨àâã-
�«ì−®£® ª®−á¨«¨ã¬� | ¨−â¥à¯à¥â�â®à, �«£®à¨â¬ à�¡®âë ª®â®à®£® à�áá¬®âà¥−
¢ [5]. �− ¨¬¨â¨àã¥â ª®««¥ªâ¨¢−®¥ ¯à¨−ïâ¨¥ à¥è¥−¨© ¬¥¤¨æ¨−áª¨¬ ª®−á¨«¨ã¬®¬,
¬®¤¥«¨àã¥â ¤¥ïâ¥«ì−®áâì ‹�÷ (ª�à¤¨®«®£�) ¯® ®à£�−¨§�æ¨¨ ª®−á¨«¨ã¬�, ¢§�-
¨¬®¤¥©áâ¢¨î á ¢à�ç�¬¨ ã§ª¨å á¯¥æ¨�«¨§�æ¨© ¨ ä®à¬¨à®¢�−¨î ®ª®−ç�â¥«ì−®£®
¤¨�£−®§� �ƒ ã ¯�æ¨¥−â�.

÷¥§ã«ìâ�â à�¡®âë �«£®à¨â¬� | �àå¨â¥ªâãà� ‚Š„�ƒ | á¯¨á®ª Lsm ª�ª ¬¥â®¤
à¥è¥−¨ï á«®¦−®© §�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ (‘‡„�ƒ).

Lsm =

=
{

Ruprint →
prbh

ððó1{9prb
h
äáç1{9 ζu

óúäáç

(

modaððó1{9 → Ig,moda
äáç1{9 → If

)

,

Rdopint → prbh
óíáäprb

h
óóóζu

óúäáç

(

moda
óíáä → In,modaóóó → If

)

,

Rdopint →
prbh

äáç1{9prb
h
óóóζu

óúäáç

(

moda
äáç1{9 → If ,modaóóó → If

)

,

Rdopint →
prbh

òüëç
prbh

äáç1 ζu
óúäáç

(

moda
òüëç → In,moda

äáç1
→ If

)}

.

‚ Lsm §−�ª¨ ¯®¤§�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ ‘‡„�ƒ [4] (prbh) §�¬¥−¥−ë −�
§−�ª¨ ¢ë¡à�−−ëå ¨§ £¥â¥à®£¥−−®£® ¬®¤¥«ì−®£® ¯®«ï ¬®¤¥«¥© (moda); prbh

òüëç,
prbh
óíáä, prbh

ððó1{9, prbh
äáç1{9, prbh

óóó | §�¤�ç¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨ −¥®¤−®à®¤-
−®© §�¤�ç¨ ‘‡„�ƒ [4] á®®â¢¥âáâ¢¥−−®: §�¤�ç� ú÷�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨ï
�Šƒû, §�¤�ç� ú�−�«¨§ áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �„ (‘Œ�„)û, £àã¯¯� ¨§ ¤¥-
¢ïâ¨ â¥å−®«®£¨ç¥áª¨å ¯®¤§�¤�ç ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�ª®¢
(á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥ §�¡®«¥¢�−¨© ¨§ ®¡«�áâ¥© 1{9û, £àã¯¯� ¨§ 9 äã−ªæ¨-
®−�«ì−ëå ¯®¤§�¤�ç ú„¨�£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª�
¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û ¨ ¯®¤§�¤�ç� ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �ƒ, áâ¥¯¥−¨
à¨áª� ‘‘‡û. �¡«�áâ¨ 1{9 | íâ® ®¡«�áâ¨ ®¤−®à®¤−ëå ¯�à�¬¥âà®¢, ¯®«ãç¥−−ë¥
à¥¤ãªæ¨¥© á«®¦−®© §�¤�ç¨, ®â®¡à�¦¥−−ë¥ ¢ ¤¥ª®¬¯®§¨æ¨¨ ‘‡„�ƒ ¨ á®¤¥à¦�-
é¨¥ ¯®¤§�¤�ç¨ ¤¨�£−®áâ¨ª¨: ¯®à�¦¥−¨© ®à£�−®¢ ¬¨è¥−¥© (¨−¤¥ªá 1), ä�ªâ®à®¢
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à¨áª� (2), æ¥à¥¡à®¢�áªã«ïà−ëå ¡®«¥§−¥© (3), ¬¥â�¡®«¨ç¥áª®£® á¨−¤à®¬� ¨ á�å�à-
−®£® ¤¨�¡¥â� (4), §�¡®«¥¢�−¨© ¯¥à¨ä¥à¨ç¥áª¨å �àâ¥à¨© (5), ¨è¥¬¨ç¥áª®© ¡®«¥§−¨
á¥à¤æ� (6), í−¤®ªà¨−−®© �ƒ (7), ¯�à¥−å¨¬�â®§−®© −¥äà®¯�â¨¨ (8) ¨ à¥−®¢�áªã-
«ïà−®© �ƒ (9) á®®â¢¥âáâ¢¥−−®. Š�¦¤®© ¬®¤¥«¨ (moda) á®¯®áâ�¢«¥− ¨−â¥à¯à¥â�â®à
Iv = {Ig, If , In} ¤«ï ¨¬¨â�æ¨¨ à�ááã¦¤¥−¨© á¯¥æ¨�«¨áâ�, � ª�¦¤®¬ã ®â−®è¥−¨î
¨−â¥£à�æ¨¨ á®¯®áâ�¢«¥− ¨−â¥àä¥©á ζu

óúäáç ¤«ï ®¡¬¥−� ¨−ä®à¬�æ¨¥©.
�� à¨á. 4 ¯®ª�§�−® ¢§�¨¬®¤¥©áâ¢¨¥ ¢á¥å 12 äã−ªæ¨®−�«ì−ëå ¬®¤¥«¥© £¥-

â¥à®£¥−−®£® ¬®¤¥«ì−®£® ¯®«ï, à¥è�îé¨å §�¤�ç¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨ ‘‡„�ƒ [4];
¬®¤¥«¨ ‹�÷ (ª�à¤¨®«®£�) ¨ ¬®¤¥«¥© §−�−¨© ¢à�ç¥© ã§ª¨å á¯¥æ¨�«¨§�æ¨©. ’¥å-
−®«®£¨ç¥áª¨¥ í«¥¬¥−âë à¥è�îâ §�¤�ç¨ ¡¥§ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ −� ¬−®¦¥áâ¢¥
¤¨�£−®áâ¨àã¥¬ëå ¯à¨§−�ª®¢ ¨ ¨áª«îç�îâ ¨§ à�áá¬®âà¥−¨ï ‚¨àâã�«ì−®£® ª®−á¨-
«¨ã¬� ¨§¡ëâ®ç−ë¥ ¨ ¢§�¨¬®§�¢¨á¨¬ë¥ á¨¬¯â®¬ë §�¡®«¥¢�−¨©.

�� à¨á. 4 ¯®ª�§�−ë ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¨¥ ®â−®è¥−¨ï ¤®¯®«−¨â¥«ì-
−®áâ¨ úíªá¯¥àâ{íªá¯¥àâû ¨ úíªá¯¥àâ{‹�÷û ¬¥¦¤ã ¬®¤¥«ï¬¨, ¯® ª®â®àë¬ ¯¥à¥-
¤�îâáï ¯à®¬¥¦ãâ®ç−ë¥ ®æ¥−ª¨ ¢¯«®âì ¤® ä®à¬¨à®¢�−¨ï ‹�÷ §�ª«îç¨â¥«ì−®£®
¤¨�£−®§�. ’�ª¦¥ ¬¥¦¤ã ¬®¤¥«ìî ‹�÷ ¨ ¬®¤¥«ï¬¨, á®¤¥à¦�é¨¬¨ §−�−¨ï íªá-

÷¨á. 4 ‚§�¨¬®¤¥©áâ¢¨¥ ¬®¤¥«¨ ‹�÷ (ª�à¤¨®«®£�) ¨ ¬®¤¥«¥©, á®¤¥à¦�é¨å §−�−¨ï
íªá¯¥àâ®¢ ¢ ‚¨àâã�«ì−®¬ ª®−á¨«¨ã¬¥: 1 | ®â−®è¥−¨ï á®âàã¤−¨ç¥áâ¢� ú‹�÷{íªá¯¥àâû;
2 | ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¨¥ ®â−®è¥−¨ï ¤®¯®«−¨â¥«ì−®áâ¨ úíªá¯¥àâ{íªá¯¥àâû
¨ úíªá¯¥àâ{‹�÷û

134 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014



ˆáá«¥¤®¢�−¨¥ «�¡®à�â®à−®£® ¯à®â®â¨¯� ¨áªãááâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë

¯¥àâ®¢, ¯®ª�§�−ë ®â−®è¥−¨ï á®âàã¤−¨ç¥áâ¢� ú‹�÷{íªá¯¥àâû, ä®à¬¨àãîé¨¥
®à£�−¨§�æ¨®−−ãî áâàãªâãàã ‚Š„�ƒ. �¤¨−�ª®¢®© èâà¨å®¢ª®© −� à¨á. 4 ®â¬¥ç¥-
−ë ¡«®ª¨ | ¬®¤¥«¨ ¯®¤§�¤�ç, à¥è�¥¬ëå ¯®áà¥¤áâ¢®¬ ®¤−®© ¨ â®© ¦¥ ¬¥â®¤®«®£¨¨
(�‘ | „�ƒ1{9 ¨ ‘‘‘ ¨«¨ −¥©à®á¥â¥© | ÷�Šƒ ¨ ‘Œ�„). ‚ ¡«®ª�å ãª�§ë¢�-
îâáï ¯à®ä¥áá¨¨ ¢à�ç¥©, §−�−¨ï ¨ ¯à¨−ïâ¨¥ à¥è¥−¨© ª®â®àëå ¬®¤¥«ì ¨¬¨â¨àã¥â
¯à¨ ¤¨�£−®áâ¨ª¥ §�¡®«¥¢�−¨© ®¡«�áâ¥© 1{9 ¨§ ¤¥ª®¬¯®§¨æ¨¨ ‘‡„�ƒ [4].

�àå¨â¥ªâãà� ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� ¤«ï ¤¨�£−®áâ¨ª¨ �ƒ à�§à�¡®â�−�
¨ ¯à®â¥áâ¨à®¢�−� ¢ á¨áâ¥¬¥ ¢¨§ã�«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï Simulink | MAT-
LAB. ‘ãâì ¨áá«¥¤®¢�−¨ï �«£®à¨â¬� ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� á®áâ®ï«� ¢ á«¥-
¤ãîé¥¬. ‚ ª®−á¨«¨ã¬¥ ¯à¨−¨¬�«¨ ãç�áâ¨¥: ª�à¤¨®«®£ (¢ â®¬ ç¨á«¥ ¨ ¢ ª�ç¥-
áâ¢¥ ‹�÷), −¥¢à®«®£, −¥äà®«®£, â¥à�¯¥¢â, í−¤®ªà¨−®«®£, ãà®«®£ (á¬. à¨á. 4).
‚á¥ íªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì −� «�¡®à�â®à−®¬ íª§¥¬¯«ïà¥ ‚Š„�ƒ, ¨¬¥îé¥¬
®£à�−¨ç¥−¨ï −� ¢®§à�áâ ¯�æ¨¥−â®¢, −� à�á¯®§−�¢�¥¬ë¥ −� �Šƒ ¯�â®«®£¨¨, −�
£¨¯¥àâ®−¨ç¥áªãî à¥â¨−®¯�â¨î, −� á¨áâ®«¨ç¥áªãî ¨ −¥ª®â®àë¥ ¢â®à¨ç−ë¥ �ƒ.
�¤−�ª®, â�ª ª�ª £¨¯¥àâ®−¨ç¥áª�ï ¡®«¥§−ì ¨«¨ íáá¥−æ¨�«ì−�ï �ƒ, −¥ á¢ï§�−−�ï
á ¢â®à¨ç−®© �ƒ, ¢áâà¥ç�¥âáï ¢ 90%{95% á«ãç�¥¢ [1], â® 20% ¢â®à¨ç−ëå �ƒ, −¥
¤¨�£−®áâ¨àã¥¬ëå ‚¨àâã�«ì−ë¬ ª®−á¨«¨ã¬®¬, −¥ ¢«¨ïîâ áãé¥áâ¢¥−−® −� ¯®à®£
ú§�¬�áª¨à®¢�−−ëå ¨ −¥¤®¢ëï¢«¥−−ëåû ¤¨�£−®§®¢ ã 70% ¯�æ¨¥−â®¢ �¬¡ã«�â®à-
−®-ª«¨−¨ç¥áª®£® ãçà¥¦¤¥−¨ï ¢ íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨ïå.

…á«¨ ¢ íªá¯¥à¨¬¥−â�å á £¥â¥à®£¥−−ë¬ ¬®¤¥«ì−ë¬ ¯®«¥¬ â¥áâ¨à®¢�«�áì ª�¦-
¤�ï ¥£® á®áâ�¢«ïîé�ï �¢â®−®¬−® ¨ ¥¥ ¢å®¤ −¥ ®¡ãá«®¢«¨¢�«áï ¢ëå®¤®¬ ¤àã£¨å
í«¥¬¥−â®¢ ¯®«ï, ¢ íªá¯¥à¨¬¥−â�å á ‚Š„�ƒ ¨áá«¥¤®¢�«®áì ¯à®ï¢«¥−¨¥ á¢®©áâ¢ ¤®-
¯®«−¨â¥«ì−®áâ¨ ¨ á®âàã¤−¨ç¥áâ¢�, çâ® ¨¬¨â¨à®¢�«® ª®««¥ªâ¨¢−ë¥ à�ááã¦¤¥−¨ï
á¯¥æ¨�«¨áâ®¢ ¯® ¯®áâ�−®¢ª¥ ¤¨�£−®§�. ˆ−ë¬¨ á«®¢�¬¨, æ¥«ì íªá¯¥à¨¬¥−â®¢ |
¯à®¢¥à¨âì, á ª�ª®© ®è¨¡ª®© ¬®¤¥«¨, à¥«¥¢�−â−ë¥ ¯® ®â¤¥«ì−®áâ¨, ¡ã¤ãâ à�¡®â�âì
á®¢¬¥áâ−® ç¥à¥§ ¬¥¦¬®¤ã«ì−ë¥ ¨−â¥àä¥©áë (ζu

óúäáç), ®¡¬¥−¨¢�ïáì ¨−ä®à¬�æ¨¥©
¬¥¦¤ã á®¡®© ¤«ï §�ª«îç¨â¥«ì−®£® ¤¨�£−®§�.

„«ï «�¡®à�â®à−ëå íªá¯¥à¨¬¥−â®¢ ¢ Š�Š� ¯® à¥ª®¬¥−¤�æ¨¨ íªá¯¥àâ� (¢à�-
ç�-ª�à¤¨®«®£� Š�Š�) ¡ë«® ®â®¡à�−® 40 �àå¨¢−ëå �¬¡ã«�â®à−ëå ª�àâ. ‚ −¨å
á®¤¥à¦�«¨áì ª�ª ç�áâ−ë¥ §�ª«îç¥−¨ï ¢à�ç¥© ã§ª¨å á¯¥æ¨�«¨§�æ¨© (−¥¢à®«®£,
−¥äà®«®£, â¥à�¯¥¢â, í−¤®ªà¨−®«®£, ãà®«®£) ¯® á®áâ®ï−¨î §¤®à®¢ìï ®¡ê¥ªâ�
¤¨�£−®áâ¨ª¨, â�ª ¨ à¥§ã«ìâ¨àãîé¨© ¤¨�£−®§ | §�ª«îç¥−¨¥ ¢¥¤ãé¥£® ¢à�ç�-
ª�à¤¨®«®£�. ˆáá«¥¤®¢�«¨áì §�ª«îç¥−¨ï ¤¢ãå ¢à�ç¥© ª�¦¤®© á¯¥æ¨�«¨§�æ¨¨,
¯à¨−�¤«¥¦�é¨å ®¤−®© ¨ â®© ¦¥ ¬¥¤¨æ¨−áª®© èª®«¥, â. ¥. ¯à®â¨¢®à¥ç¨© ¢ ¨§-
¢«¥ç¥−−ëå §−�−¨ïå −¥ ¡ë«®. �âáî¤� à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ ®¡ãá«®¢«¥−ë
§−�−¨ï¬¨ ¢à�ç¥© Š�Š�, ¨á¯®«ì§ã¥¬ë¬¨ ¨¬¨ ¬¥â®¤¨ª�¬¨ ¤¨�£−®áâ¨ª¨, � â�ª¦¥
®á®¡¥−−®áâï¬¨ �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï ¡®«ì−¨æë.

3.1 Структура Виртуального консилиума для диагностики артериальной
гипертензии в Simulink и межмодульные интерфейсы

�àå¨â¥ªâãà� ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� | ¬®¤ã«ì−�ï ¨ £¨¡ª�ï ¤«ï úá¡®àª¨û
£¨¡à¨¤−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë á ãç¥â®¬ §�¯à®á� ¯®«ì§®¢�â¥«ï. ‘®§¤�−�
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÷¨á. 5 Œ®¤ã«ì áâàãªâãàë ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬�, ¨−â¥£à¨àãîé¨© ¨−â¥àä¥©á
¬®¤¨ä¨ª�æ¨¨ áâàãªâãàë ‚Š„�ƒ, ¨−â¥àä¥©á ¢¢®¤� á¨¬¯â®¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨,
¡«®ª ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥
§�¡®«¥¢�−¨© ¨§ ®¡«�áâ¨ kû, ¡«®ª ú„¨�£−®áâ¨ª� £àã¯¯ë ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-
á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â� ¨§ ®¡«�áâ¨ kû ¨ ¡«®ª ú�æ¥−ª� áâ¥¯¥−¨
¨ áâ�¤¨¨ �ƒ, áâ¥¯¥−¨ à¨áª� ‘‘‡û

¡¨¡«¨®â¥ª� ¯à®â®â¨¯� ‚Š„�ƒ á ¡«®ª�¬¨ ¢á¥å í«¥¬¥−â®¢ £¥â¥à®£¥−−®£® ¬®¤¥«ì-
−®£® ¯®«ï: ˆ�‘, �‘ ¨ ƒ�. �−� á®áâ®¨â ¨§ ¤¥¢ïâ¨ ¬®¤ã«¥© (à¨á. 5), ¨−â¥£à¨àã-
îé¨å ƒ���‘k{�‘„�ƒk{�‘‘‘‘. �� à¨á. 5 −®¬¥à ®¡«�áâ¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨
‘‡„�ƒ [4] k = 2 ¤«ï ¯à¨¬¥à� �‘ ¤¨�£−®áâ¨ª¨ ä�ªâ®à®¢ à¨áª� �ƒ (�‘„�ƒ2).

�� à¨á. 5 ¡«®ª VKDAGSettings ®âªàë¢�¥â ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï (‹�÷,
¢à�ç�-ª�à¤¨®«®£�) ¤«ï á¯¥æ¨ä¨ª�æ¨¨ à¥¦¨¬� à�¡®âë ‚¨àâã�«ì−®£® ª®−á¨«¨-
ã¬�: ú�−�«¨§ ‘Œ�„û (à¥è�¥âáï ¯®áà¥¤áâ¢®¬ −¥©à®á¥â¥©, ¡«®ª ‘Œ�„),
ú÷�á¯®§−�¢�−¨¥ �Šƒû (à¥è�¥âáï ¯®áà¥¤áâ¢®¬ −¥©à®á¥â¥©, ¡«®ª ÷�Šƒ), ú�®-
áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥ §�-
¡®«¥¢�−¨© ¨§ ®¡«�áâ¥© 1{9û (à¥è�¥âáï ¯®áà¥¤áâ¢®¬ ƒ�, ¡«®ª¨ ððó1{ððó9)
¨ ¯®¤§�¤�ç¨ ¨§ £àã¯¯ë ú„¨�£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®-
£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û (à¥è�îâáï ¯®áà¥¤áâ¢®¬ �‘, ¡«®ª¨
äáç1, . . . ,äáç9).

…á«¨ ��‘k, k = 1, 9, ¢ë¡à�−� ¤«ï à¥è¥−¨ï, â® �ªâ¨¢¨àã¥âáï ¡«®ª ú��‘kû
(−� à¨á. 5 íâ® GAFR), á ª®â®à®£® ¯¥à¥¤�¥âáï ¨−ä®à¬�æ¨ï −� ¡«®ª úŒ®¤¨ä¨ª�æ¨ï
¯®¤á¨áâ¥¬ ¤¨�£−®áâ¨ª¨û (−� à¨á. 5 íâ® FSS setup) ¢ á®®â¢¥âáâ¢¨¨ á à¥§ã«ìâ�â�¬¨
à¥è¥−¨ï â¥å−®«®£¨ç¥áª¨å ¯®¤§�¤�ç ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨-
§−�ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥ §�¡®«¥¢�−¨©û. �− ª®àà¥ªâ¨àã¥â à�¡®âã
¡«®ª®¢ ¤¨�£−®áâ¨ª¨ ¯®à�¦¥−¨© ®à£�−®¢ ¬¨è¥−¥©, ä�ªâ®à®¢ à¨áª�, æ¥à¥¡à®¢�á-
ªã«ïà−ëå ¡®«¥§−¥©, ¬¥â�¡®«¨ç¥áª®£® á¨−¤à®¬� ¨ á�å�à−®£® ¤¨�¡¥â�, §�¡®«¥¢�-
−¨© ¯¥à¨ä¥à¨ç¥áª¨å �àâ¥à¨©, ¨è¥¬¨ç¥áª®© ¡®«¥§−¨ á¥à¤æ�, í−¤®ªà¨−−®© �ƒ,
¯�à¥−å¨¬�â®§−®© −¥äà®¯�â¨¨ ¨ à¥−®¢�áªã«ïà−®© �ƒ (¡«®ª¨ äáç1, . . . ,äáç9
á®®â¢¥âáâ¢¥−−®).
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„�«¥¥ �ªâ¨¢¨àã¥âáï ¡«®ª ¨−â¥àä¥©á� ¯®«ì§®¢�â¥«ï (−� à¨á. 5 íâ®
VKDAGSymptoms) ¨ ¢¢®¤ïâáï ¯®ª�§�â¥«¨ á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â� (á¨¬-
¯â®¬ë), ¯¥à¥¤�¢�¥¬ë¥ ¢ ¡«®ª¨ äáç1, . . . ,äáç9 (−� à¨á. 5 íâ® FR). �®á«¥¤−¨¥
¢ á¢®î ®ç¥à¥¤ì ¯¥à¥¤�îâ ¨−ä®à¬�æ¨î ® ¯�â®«®£¨ïå ¯�æ¨¥−â� ¡«®ªã ‘‘‘ (SSS),
à¥è�îé¥¬ã ¯®¤§�¤�çã ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �ƒ, áâ¥¯¥−¨ à¨áª� ‘‘‡û (−�
à¨á. 5 íâ® VKDAGDiagnose), ¨ ï¢«ïîâáï à¥§ã«ìâ�â�¬¨ ¬®¤¥«¨à®¢�−¨ï ¯à¨−ïâ¨ï
à¥è¥−¨ï íªá¯¥àâ�¬¨, ¢à�ç�¬¨ á¬¥¦−ëå á¯¥æ¨�«ì−®áâ¥© | −¥¢à®¯�â®«®£®¬, â¥à�-
¯¥¢â®¬, å¨àãà£®¬, í−¤®ªà¨−®«®£®¬, ®ªã«¨áâ®¬. �à¨ íâ®¬ ¡«®ª ‘‘‘ ¬®¤¥«¨àã¥â
¯à¨−ïâ¨¥ à¥è¥−¨ï ‹�÷ | ¢à�ç®¬-ª�à¤¨®«®£®¬.

‚ à¥§ã«ìâ¨àãîé¥© áâàãªâãà¥ ‚Š„�ƒ ¯à¨áãâáâ¢ã¥â ¨ ¡«®ª NNECG, ¯¥à¥¤�-
îé¨© ¨−ä®à¬�æ¨î −� ¡«®ª¨ ¤¨�£−®áâ¨ª¨ ¯®à�¦¥−¨© ®à£�−®¢-¬¨è¥−¥© (POM,
„�ƒ1), æ¥à¥¡à®¢�áªã«ïà−ëå ¡®«¥§−¥© (CVB, „�ƒ3) ¨ ¨è¥¬¨ç¥áª®© ¡®«¥§−¨
á¥à¤æ� (IBS, „�ƒ6). ”®à¬�â ¢ëå®¤� ¡«®ª� NNECG á®¢¯�¤�¥â á ä®à¬�â®¬
¢å®¤®¢ ¡«®ª®¢ POM, CVB ¨ IBS, ¯®íâ®¬ã −¥ âà¥¡ã¥â ¯à¥®¡à�§®¢�−¨©. ’�ª¦¥
¢ à¥§ã«ìâ¨àãîé¥© áâàãªâãà¥ ‚Š„�ƒ ¢ Simulink ¥áâì ¡«®ª NNSMAD, ¯¥à¥¤�-
îé¨© ¨−ä®à¬�æ¨î ® âà¥¡ã¥¬ëå −®à¬�«ì−ëå §−�ç¥−¨ïå áãâ®ç−®£® �„ ¯® ¯®«ã
¨ ¢®§à�áâã ¯�æ¨¥−â®¢ −� ¡«®ª SSS.

3.2 Результаты тестирования алгоритма, имитирующего коллективные
рассуждения над гетерогенным модельным полем

�� ¢å®¤ ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� ¤«ï ¤¨�£−®áâ¨ª¨ �ƒ ¯®¤�¢�-
«�áì â¥áâ®¢�ï ¢ë¡®àª� à�§¬¥à−®áâìî N = 40 ¨§ �àå¨¢� ª�àâ ¯�æ¨¥−-
â®¢ 1-£® ª�à¤¨®«®£¨ç¥áª®£® ®â¤¥«¥−¨ï Š�Š�, á®áâ®ïé�ï ¨§ −�¡«î¤¥−¨©
(X11, . . . ,X1 629; X21, . . . ,X2 128; Y1, . . . , Y96), £¤¥ X11, . . . ,X1 629 | −¥ç¥âª¨¥
«¨−£¢¨áâ¨ç¥áª¨¥ ¯¥à¥¬¥−−ë¥; X21, . . . ,X2 128 | ¢¥ªâ®à ®¡à�§� �Š‘ ¨§ ç¨á¥«
¨−â¥à¢�«� [0, 1] −� ®á−®¢¥ §�¯¨á¥© ª�à¤¨®æ¨ª«®¢, á®®â¢¥âáâ¢ãîé¨å ¢ë¤¥«¥−-
−ë¬ 6 ¯�â®«®£¨ï¬ ¨ −®à¬�«ì−®¬ã á®áâ®ï−¨î; Y1, . . . , Y96 | ç¥âª¨¥ ª®−áâ�−âë,
¯à¨−¨¬�îé¨¥ §−�ç¥−¨¥ 0 ¨«¨ 1, í«¥¬¥−âë ¤¨�£−®§�: áâ¥¯¥−ì �ƒ; áâ�¤¨ï íáá¥−-
æ¨�«ì−®© �ƒ (¨«¨ £¨¯¥àâ®−¨ç¥áª®© ¡®«¥§−¨); ª«�áá ®¡é¥£® à¨áª� ‘‘‡; ä�ªâ®àë
à¨áª�, ¯®à�¦¥−¨ï ®à£�−®¢-¬¨è¥−¥© ¨ �áá®æ¨�â¨¢−ë¥ ª«¨−¨ç¥áª¨¥ á®áâ®ï−¨ï,
¯à¨áãâáâ¢ãîé¨¥ ã ¯�æ¨¥−â�.

‚ íªá¯¥à¨¬¥−â�å à¥è¥−¨¥ §�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ ¨¬¨â¨àã¥âáï ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨¬¥à®¬ ¤¥ª®¬¯®§¨æ¨¨ [4] (á¬. à¨á. 4). ‘−�ç�«� à�¡®â�îâ ¬®¤¥«¨ ¯¥à¢®©
®ç¥à¥¤¨ | ¬®¤¥«¨ â¥å−®«®£¨ç¥áª¨å í«¥¬¥−â®¢ (ƒ���‘1{9), ª®àà¥ªâ¨àãîé¨¥
¬−®¦¥áâ¢� ¢å®¤−ëå ¯¥à¥¬¥−−ëå ¬®¤¥«¥© �‘„�ƒ1{9 ¨ �‘‘‘‘. ‡�â¥¬ ®¡à�¡®âª�
¨−ä®à¬�æ¨¨ ¯¥à¥¤�¥âáï äã−ªæ¨®−�«ì−ë¬ í«¥¬¥−â�¬:
(1) ¬®¤¥«¨ ¢â®à®© ®ç¥à¥¤¨ ú®â¯à�¢«ïîâû ¨−ä®à¬�æ¨î −� ¬®¤¥«¨ âà¥âì¥©,

¯ïâ®©, è¥áâ®© ¨ á¥¤ì¬®© ®ç¥à¥¤¥© | ˆ�‘÷�Šƒ (¬®¤¥«ì, à¥è�îé�ï §�¤�çã
à�á¯®§−�¢�−¨ï �Šƒ), ˆ�‘‘Œ�„ (ä®à¬¨àã¥â ®¯â¨¬�«ì−ë¥ ¬−®¦¥áâ¢�
¯®ª�§�â¥«¥© áãâ®ç−®£® ¤�¢«¥−¨ï), �‘„�ƒ9, �‘„�ƒ2 ¨ �‘„�ƒ6;

(2) âà¥âìï ®ç¥à¥¤ì á®¤¥à¦¨â ¬®¤¥«¨ �‘„�ƒ4 ¨ �‘„�ƒ5, ¯¥à¥¤�îé¨¥ ¢ëå®¤-
−ãî ¨−ä®à¬�æ¨î −� ¢å®¤ ¬®¤¥«¥© ç¥â¢¥àâ®© ¨ á¥¤ì¬®© ®ç¥à¥¤¥©;
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(3) ç¥â¢¥àâ�ï ®ç¥à¥¤ì á®¤¥à¦¨â ¬®¤¥«ì �‘„�ƒ8, ¯¥à¥¤�îéãî ¨−ä®à¬�æ¨î
¬®¤¥«¨ ¯ïâ®© ®ç¥à¥¤¨ (�‘„�ƒ1), ª®â®à�ï ¢ á¢®î ®ç¥à¥¤ì ¯¥à¥¤�¥â ¨−ä®à-
¬�æ¨î �‘„�ƒ3 (è¥áâ�ï ®ç¥à¥¤ì);

(4) ®â �‘„�ƒ3 ¯¥à¥¤�¥âáï ¨−ä®à¬�æ¨ï �‘„�ƒ7 (á¥¤ì¬�ï ®ç¥à¥¤ì).

�®á«¥¤−¥© à�¡®â�¥â ¬®¤¥«ì �‘‘‘‘, ä®à¬¨àãîé�ï §�ª«îç¨â¥«ì−ë© ¤¨�£−®§,
−� ¢å®¤ ª®â®à®© ¯¥à¥¤�¥âáï ¢ëå®¤−�ï ¨−ä®à¬�æ¨ï äã−ªæ¨®−�«ì−ëå ¬®¤¥«¥©
¢â®à®©{á¥¤ì¬®© ®ç¥à¥¤¥©.

�® à¥§ã«ìâ�â�¬ à�¡®âë ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� ¢ëç¨á«ï«�áì áà¥¤−¥ª¢�-
¤à�â¨ç¥áª�ï ®è¨¡ª� ¯®áâ�−®¢ª¨ ¤¨�£−®§� ¨ ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ −� ®¡á«¥¤®¢�−¨¥
¨ ä®à¬¨à®¢�−¨¥ §�ª«îç¥−¨ï ® á®áâ®ï−¨¨ ¯�æ¨¥−â�:

{ ¯®¤áç¨âë¢�«®áì ®âª«®−¥−¨¥ ¤¨�£−®§� ®â íâ�«®−−®£® ¯® ª�¦¤®¬ã ¢ëå®¤ã
‚Š„�ƒ ¤«ï N −�¡«î¤¥−¨© ¢ â¥áâ®¢®© ¢ë¡®àª¥, â. ¥. N ®è¨¡®ª ª«�áá¨-
ä¨ª�æ¨¨ ¯® l-¬ã (l = 1, Nk) ¢ëå®¤ã á¨áâ¥¬ë δlj (à�¢−� 1, ¥á«¨ á®¢¯�¤�¥â
á íâ�«®−®¬, ¨ 0 | ¥á«¨ −¥â), ª®â®àë¥ áª«�¤ë¢�«¨áì ¨ ãáà¥¤−ï«¨áì;

{ §�â¥¬ ¢ëç¨á«ï«�áì áà¥¤−¥ª¢�¤à�â¨ç¥áª�ï ®è¨¡ª� ¯®áâ�−®¢ª¨ ¤¨�£−®§� (f ) ¯®
ä®à¬ã«¥ (2) ¯à¨ N = 40 ¨ Nk = 110.

�® ¨â®£�¬ «�¡®à�â®à−ëå íªá¯¥à¨¬¥−â®¢ ¢ Š�Š� ¯à®â®â¨¯ ‚¨àâã�«ì−®£®
ª®−á¨«¨ã¬� ¤¨�£−®áâ¨à®¢�« �ƒ á® áà¥¤−¥ª¢�¤à�â¨ç¥áª®© ®è¨¡ª®© ¯®áâ�−®¢ª¨
¤¨�£−®§� f = 0,0837, â. ¥. ¤�¢�« ¢¥à−ë© ¤¨�£−®§ ¢ 80% á«ãç�¥¢. ‚ �¬¡ã«�â®à−®-
ª«¨−¨ç¥áª¨å ãçà¥¦¤¥−¨ïå ¤¨�£−®§ ¢ áà¥¤−¥¬ −¥ ¢ëï¢«ï¥âáï ã 70% ¯�æ¨¥−â®¢.
�à¨ íâ®¬ ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ ¢à�ç®¬ −� ¯®áâ�−®¢ªã ¤¨�£−®§�, áª«�¤ë¢�¥âáï
¨§ ¢à¥¬¥−¨ ¯à®æ¥¤ãàë ®¡á«¥¤®¢�−¨ï (tÏ), ¢à¥¬¥−¨ −� ®¡à�¡®âªã à¥§ã«ìâ�â®¢ (tÒ)
¨ ¢à¥¬¥−¨ −� §�¯¨áì ¨ ®ä®à¬«¥−¨¥ §�ª«îç¥−¨ï (tÚ) ¨ á®áâ�¢«ï¥â 15{20 ¬¨−. ‚ íªá-
¯¥à¨¬¥−â�å ®¡é¥¥ ¢à¥¬ï ¤¨�£−®áâ¨ª¨ �ƒ «�¡®à�â®à−ë¬ ¯à®â®â¨¯®¬ ã¬¥−ìè¨«®áì
¯à¨¬¥à−® −� 20%, � (tÚ + tÒ) á®áâ�¢¨«® ¯à¨¬¥à−® 30 á.

�® à¥§ã«ìâ�â�¬ «�¡®à�â®à−ëå íªá¯¥à¨¬¥−â®¢ á ¯à®â®â¨¯®¬ ‚¨àâã�«ì−®£®
ª®−á¨«¨ã¬� ¢ 1-¬ ª�à¤¨®«®£¨ç¥áª®¬ ®â¤¥«¥−¨¨ Š�Š� ¬®¦−® ¯à¥¤¯®«®¦¨âì,
çâ® ‚Š„�ƒ, ¤®¢¥¤¥−−ë© ¤® áâ�¤¨¨ ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï ¢ «¥ç¥¡−®-¯à®ä¨-
«�ªâ¨ç¥áª¨å ãçà¥¦¤¥−¨ïå è¨à®ª®£® ¯à®ä¨«ï Š�«¨−¨−£à�¤áª®© ®¡«�áâ¨ (ä¥«ì¤-
è¥àáª®-�ªãè¥àáª¨å ¯ã−ªâ�å, �¬¡ã«�â®à¨ïå, ¬¥¤¨ª®-á�−¨â�à−ëå ç�áâïå ¨ ¯®«¨-
ª«¨−¨ª�å), ¯®§¢®«¨â ¯®¢ëá¨âì ª�ç¥áâ¢® ¯®áâ�−®¢ª¨ ¤¨�£−®§� −� 50% ¨ á®ªà�â¨âì
áà¥¤−¥¥ ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ ¢à�ç®¬ −� ®¤−®£® ¯�æ¨¥−â�, −� 20%.

’�ª¦¥ ¯® à¥§ã«ìâ�â�¬ íªá¯¥à¨¬¥−â®¢ á ¯à®â®â¨¯®¬ ‚¨àâã�«ì−®£® ª®−á¨-
«¨ã¬� áà¥¤¨ áâã¤¥−â®¢-¬¥¤¨ª®¢ á¯¥æ¨�«ì−®áâ¨ ú‹¥ç¥¡−®¥ ¤¥«®û ��«â¨©áª®£®
ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�, ¯à®å®¤ïé¨å ¨−â¥à−�âãàã
¢ Š�Š�, ¬®¦−® á¤¥«�âì á«¥¤ãîé¨© ¢ë¢®¤: ‚¨àâã�«ì−ë© ª®−á¨«¨ã¬ | íâ® å®-
à®è¨© âà¥−¨−£ ¢ ¯®áâ�−®¢ª¥ ¤¨�£−®§� ¨ �−�«¨§¥ �Šƒ ¡¥§ ãç�áâ¨ï ¯à¥¯®¤�¢�â¥«ï
¯® ªãàáã ú�¥®â«®¦−�ï ª�à¤¨®«®£¨ï ¨ äã−ªæ¨®−�«ì−�ï ¤¨�£−®áâ¨ª�û. ÷�¡®â�ï
á á¨áâ¥¬®©, áâã¤¥−âë á¬®£ãâ ¯®¢ëá¨âì ª�ç¥áâ¢® §−�−¨©, −�ª�¯«¨¢�ï ¢ ¯�¬ïâ¨ áâ¥-
à¥®â¨¯ë ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ®¡«�áâ¨ ¤¨�£−®áâ¨ª¨ �ƒ. ‘ª®à®áâì ¯à¨−ïâ¨ï ¨¬¨
ª�ç¥áâ¢¥−−®£® à¥è¥−¨ï ¨ áâ¥¯¥−ì ã¢¥à¥−−®áâ¨ ¢® ¢à¥¬ï ¯à¨¥¬� ¯�æ¨¥−â®¢ ¢ å®¤¥
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ˆáá«¥¤®¢�−¨¥ «�¡®à�â®à−®£® ¯à®â®â¨¯� ¨áªãááâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë

á¢®¥© ãç¥¡−®© ¨ ¢à�ç¥¡−®© ¯à�ªâ¨ª¨ ¡ã¤ãâ ¯à®¯®àæ¨®−�«ì−ë ç¨á«ã á¨âã�æ¨©,
ª®â®àë¥ áâã¤¥−âë ®âà�¡®â�îâ á ¯à¨¬¥−¥−¨¥¬ ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬�.

��§� §−�−¨© ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� ®¡«�¤�¥â á¢®©áâ¢®¬ ã−¨¢¥àá�«ì−®áâ¨,
â�ª ª�ª á®§¤�−� ¯® ¢á¥à®áá¨©áª¨¬ ¨ ¥¢à®¯¥©áª¨¬ à¥ª®¬¥−¤�æ¨ï¬ ‚��Š ¤«ï ¤¨�-
£−®áâ¨ª¨ �ƒ [1, 18] ¨ ¤®¯®«−¥−� §−�−¨ï¬¨ ¢à�ç¥© Š�Š�. �à¨ ¯¥à¥−®á¥ á¨áâ¥¬ë
¢ «¥ç¥¡−ë¥ ãçà¥¦¤¥−¨ï ¤àã£¨å à¥£¨®−®¢ −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ â¥áâ¨à®¢�−¨¥ ¡�-
§ë §−�−¨© á¨áâ¥¬ë −� í¬¯¨à¨ç¥áª¨å ¤�−−ëå (�¬¡ã«�â®à−ëå �àå¨¢−ëå ª�àâ�å)
á®®â¢¥âáâ¢ãîé¥£® ãçà¥¦¤¥−¨ï, ¯® à¥§ã«ìâ�â�¬ ª®â®à®£®, ¢®§¬®¦−®, ¯®âà¥¡ã¥âáï
¬®¤¨ä¨ª�æ¨ï ¨/¨«¨ ¤®¯®«−¥−¨¥ ¡�§ë §−�−¨©.

’�ª¨¬ ®¡à�§®¬, ¯® à¥§ã«ìâ�â�¬ «�¡®à�â®à−ëå íªá¯¥à¨¬¥−â®¢ ¯à¥¤¯®«�£�¥â-
áï, çâ® à¥è¥−¨¥ á«®¦−®© §�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ ¯®áà¥¤áâ¢®¬ äã−ªæ¨®−�«ì−®©
£¨¡à¨¤−®© á¨áâ¥¬ë, à�§à�¡®â�−−®© ¢ à�¬ª�å ¯à®¡«¥¬−®-áâàãªâãà−®© (�‘) ¬¥-
â®¤®«®£¨¨, ¯®¢ëá¨â ª�ç¥áâ¢® ª«¨−¨ç¥áª®© ¤¨�£−®áâ¨ª¨ ¨ á−¨§¨â ¯®à®£ −¥¤®¢ë-
ï¢«¥−−ëå ¤¨�£−®§®¢ á¨¬¯â®¬�â¨ç¥áª®© �ƒ ¨ íáá¥−æ¨�«ì−®© �ƒ á 70% ¤® 20%,
� â�ª¦¥ á−¨§¨â ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ −� ®¡á«¥¤®¢�−¨¥ ¯�æ¨¥−â� ¨ ä®à¬¨à®¢�−¨¥
¤¨�£−®§�.

4 Заключение

�à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¯®á«¥¤−¨å íâ�¯®¢ à�§à�¡®âª¨ «�¡®à�â®à−®£® ¯à®-
â®â¨¯� ‚¨àâã�«ì−®£® ª®−á¨«¨ã¬� ¤«ï ¤¨�£−®áâ¨ª¨ �ƒ ¢ à�¬ª�å �‘-¬¥â®¤®«®£¨¨
ª�ª ”ƒ¨ˆ‘: ¨¬¨â�æ¨¨ ¤¨�£−®áâ¨ª¨ �ƒ −� �‚Œ áà¥¤áâ¢�¬¨ ¯�ª¥â� Simulink |
MATLAB 7, ¬®¤¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¨ ¨−â¥à¯à¥â�æ¨ï ¨å à¥§ã«ìâ�â®¢. ÷�§-
à�¡®â�−ë �«£®à¨â¬ë ¤«ï ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï ˆ�‘÷�Šƒ ¨ ˆ�‘‘Œ�„,
à�ááç¨â�−ë ®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï ç¨á«� −¥©à®−®¢ áªàëâëå á«®¥¢ á¥â¥©. „«ï
®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï ˆ�‘÷�Šƒ â�ª¦¥ à�§à�¡®â�−ë �«£®à¨â¬ë á®§¤�−¨ï
â¥áâ®¢ëå ¨ ®¡ãç�îé¨å ¢ë¡®à®ª. „«ï ƒ���‘1{9 (à¥§ã«ìâ�â à�¡®âë ¢á¥å ¤¥-
¢ïâ¨ ƒ� | íâ® ®¯â¨¬�«ì−ë© −�¡®à ¢å®¤−ëå ¯à¨§−�ª®¢ ¤«ï �‘„�ƒ1{9) á®§¤�−
¨ ¯®áâà®¥− ª«�áá¨ç¥áª¨© ƒ� ¢¢¨¤ã ®á®¡¥−−®áâ¥© äã−ªæ¨¨ ¯à¨á¯®á®¡«¥−−®áâ¨
¨−¤¨¢¨¤ãã¬®¢, ¢ëç¨á«ï¥¬®© á ¯®¬®éìî à�§à�¡®â�−−ëå �‘„�ƒ1{9. �¥ç¥âª¨¥
á¨áâ¥¬ë ¨áá«¥¤®¢�−ë ¨ ¯®ª�§�«¨ ¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï áà¥¤−¥ª¢�¤à�â¨ç¥áª®©
®è¨¡ª¨ ª«�áá¨ä¨ª�æ¨¨ (0{0,187) ¨ ¤®áâ�â®ç−ãî á¯®á®¡−®áâì ª�ª ®¡−�àã¦¨¢�âì
§�¡®«¥¢�−¨¥ (−¥ −¨¦¥ ç¥¬ ¢ 75% á«ãç�¥¢), â�ª ¨ ®¯à¥¤¥«ïâì ¥£® ®âáãâáâ¢¨¥ (−¥
−¨¦¥ ç¥¬ ¢ 75% á«ãç�¥¢).

�à¨¬¥−¥−¨¥ ¬¥â®¤®¢ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ | ¨áªãááâ¢¥−−ëå
£¥â¥à®£¥−−ëå á¨áâ¥¬ | ¢ ¬¥¤¨æ¨−áª®© ¨−ä®à¬�â¨ª¥ ¯®§¢®«¨â á−¨§¨âì ¯®à®£
ú§�¬�áª¨à®¢�−−ëå ¨ −¥¤®¢ëï¢«¥−−ëåû ¤¨�£−®§®¢ á¨¬¯â®¬�â¨ç¥áª®© �ƒ ¨ £¨-
¯¥àâ®−¨ç¥áª®© ¡®«¥§−¨ á 70% ¤® 20%, çâ® ã«ãçè¨â ª�ç¥áâ¢® ª«¨−¨ç¥áª®© ¤¨�-
£−®áâ¨ª¨ �ƒ ¢à�ç®¬-â¥à�¯¥¢â®¬. �âªàë¢�¥âáï ¢®§¬®¦−®áâì á−¨¦¥−¨ï ¢à¥¬¥−¨
®¡á«¥¤®¢�−¨ï ¨ ¯®áâ�−®¢ª¨ ¤¨�£−®§�, çâ® �ªâã�«ì−® ¢ ãá«®¢¨ïå à®áâ� −�£àã§ª¨
−� ¯à�ªâ¨ªãîé¨å ¢à�ç¥©.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï «�¡®à�â®à−®£® íª§¥¬¯«ïà� ‚Š„�ƒ
¢ Š�Š� ¯®¤â¢¥à¦¤�îâ íää¥ªâ¨¢−®áâì ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ¤«ï ¯à®¥ªâ¨-
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à®¢�−¨ï ¬¥¤¨æ¨−áª¨å ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ ª�ª £¥â¥à®£¥−−ëå ¨áªãááâ¢¥−-
−ëå ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ á® á¢®©áâ¢�¬¨ ¤®¯®«−¨â¥«ì−®áâ¨, á®âàã¤−¨ç¥áâ¢�
¨ ®â−®á¨â¥«ì−®áâ¨ §−�−¨©, á¨−â¥§¨àãîé¨å ¨−â¥£à¨à®¢�−−ë¥ ¬¥â®¤ë ¨ ¬®¤¥«¨,
à�§−®®¡à�§¨¥ ª®â®àëå ãáâà�−ï¥â à�§−®®¡à�§¨¥ ¤¨�£−®áâ¨ç¥áª®© ¨−ä®à¬�æ¨¨ ®¡
®à£�−¨§¬¥ ç¥«®¢¥ª�.
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Abstract: The paper contains the results of imitation of Virtual medical
consultation for arterial hypertension diagnostics (functional hybrid system) by
means of MATLAB 7 | Simulink and model experiments. The paper introduces
the results of testing models from heterogeneous model field: functional modules
for electrocardiogram recognition, for investigation of the module analyzing
the data of daily monitoring of arterial pressure, and for classification of
a patient's state of health; and also, technological modules for experimental
utility estimation of symptomatic information for making a diagnosis by means
of genetic algorithms. Experiments with laboratory prototype showed the
opportunity of decreasing the threshold of \disguised and negotiating diagnosis"
of arterial hypertension from 70% to 20% by using it in practice in medical and
preventive treatment facilities of wide profile.

Keywords: laboratory prototype of virtual medical consultation; arterial hyper-
tension; neural networks; genetic algorithms; fuzzy systems; functional hybrid
intelligent system

DOI: 10.14357/08696527140309

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 3 141



I. �. Kirikov, �. V. Kolesnikov, and S. B. Rumovskaya

References

1. Plavunov, N. F., V. V. Stepanova, Yu. L. Karaulova, Yu. V. Kotovskaya,
Zh. D. Kobalava, and V. S. Moiseev. 2004. Rol' arterial'noy gipertonii v struk-
ture i ishodakh gospitalizatsiy mnogoprofil'nogo skoropomoshchnogo statsionara [The
role of arterial hypertension in the structure and outcomes of hospitalizations in mul-
tidisciplinary first-aid hospital]. Arterial'naya Gipertenziya [Arterial Hypertension]
10(3):30{36.

2. ESH/ESC. 2013. Guidelines for the management of arterial hypertension: The
Task Force for the management of arterial hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC). J. Hypertens.
31(7):1281{1357. doi: 10.1097/01.hjh.0000431740.32696.cc.

3. Kolesnikov, A. V., and I. A. Kirikov. 2007. Metodologiya i tekhnologiya resheniya
slozhnykh zadach metodami funktsional'nykh gibridnykh intellektual'nykh sistem
[Methodology and technology for solving of complex problems using the method-
ology of functional hybrid artificial systems]. Moscow: IPI RAN. 387 p.

4. Kirikov, I. A., A. V. Kolesnikov, and S. B. Rumovskaya. 2013. Issledovanie slozhnoy
zadachi diagnostiki arterial'noy gipertenzii v metodologii iskusstvennykh geterogennykh
sistem [Research of the complex problem at diagnosing of the arterial hypertension within
the methodology of artificial heterogeneous systems]. Sistemy i Sredstva Informatiki |
Systems and Means of Informatics 23(2):96{114. doi: 10.14357/08696527130208.

5. Kirikov, I. A., A. V. Kolesnikov, and S. B. Rumovskaya. 2014. Funktsional'naya gib-
ridnaya intellektual'naya sistema dlya podderzhki prinyatiya resheniya pri diagnostike
arterial'noy gipertenzii [Functional hybrid intelligent decision support system for di-
agnosing of the arterial hypertension] Sistemy i Sredstva Informatiki | Systems and
Means of Informatics 24(1):153{179. doi: 10.14357/08696527140110.

6. Zudbinov, Yu. I. 2003. Azbuka ECG [Alphabet of ECG]. 3rd ed. Rostov-na-Donu:
Phoenix Publ. 169 p.

7. Petrukhin, V. A., V. N. Mamaev, and R. V. Drozdov. 2005. Ispol'zovanie sravni-
tel'nogo analiza posledovatel'nykh vektorelektrokardiogramm dlya otsenki lokal'nykh
izmeneniy miokarda [The comparative analysis of sequential vectorelectroretinography
for assessment of local changes of the myocardium]. Komp'yuterni zasoby, merezhi ta
systemy [Computer means, networks, and systems] 4:131{137.

8. Al' Mabruk, M. 2011. Apparatno-programmnye sredstva i algoritmy raspoznavaniya
patologiy serdtsa na osnove perseptronnykh setey [Hardware, software and algorithms
for recognition of heart pathology based on perceptron-type networks]. D.Sc. Thesis.
Vladimir. 203 p.

9. The research source for complex physiologic signals. Available at: http://physionet.org
(accessed February 27, 2014).

10. Isakov, R. V., A. A. Kuznetsov, and L. T. Sushkova. 2006. Metody i sredstva obrabotki
informatsii pri otsenke funktsional'nogo sostoyaniya organizma cheloveka [Methods and
means of information processing in the assessment of the functional state of human body].
Vladimir: Sobor. 144 p.

11. Rangayyan, R. M. 2002. Biomedical signal analysis: A case-study approach. Wiley.
516 p.

12. Haykin, S. 1999. Neural networks: Comprehensive foundation. 2nd ed. Singapore:
Pearson Prentice Hall. Inc. 823 p.

142 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 3



Experimental research of laboratory prototype of an artificial heterogeneous system

13. Kolesnikov, A. V. 2001. Gibridnye intellektual'nye sistemy. Teoriya i tehnologiya
razrabotki [Hybrid artificial systems. Theory and development technology]. St. Peters-
burg: SPbGTU. 710 p.

14. Kolesnikov, A. V., I. A. Kirikov, S. B. Rumovskaja, et al. 2010. Razrabotka siste-
my s bazoy znaniy dlya podderzhki prinyatiya resheniya pri diagnostike arterial'noy
gipertenzii [Development of knowledge-based system for decision support at diagnosing
of arterial hypertension]. Report. Kaliningrad: Kaliningrad Branch of IPI RAN. 135 p.
[In Russian.]

15. Novikova, V. A., E. Yu. Andreeva, and D. K. Tuykina. 2004. Iskusstvennyy intellekt
i ekspertnye sistemy [Artificial intelligence and expert systems]. Kursk: KGU. 45 p.

16. Shtovba, S. D. 2007. Proektirovanie nechetkikh sistem sredstvami Matlab [Designing
of fuzzy systems with Matlab tools]. Moscow: Goryachaya liniya { Telekom. 288 p.

17. Staessen, J., E. O'Brien, N. Atkins, C. Bulpitt, J. Cox, R. Fagard, K. O'Malley,
L. Thijs, and A. Amery. 1992. The increase in blood pressure with age and body
mass index is overestimated by conventional sphygmomanometry. Am. J. Epidemiol.
136(4):450{459.

18. Komitet ekspertov VNOK. 2010. Diagnostika i lechenie arterial'noy gipertenzii.
Rossiyskie rekomendatsii [Diagnosing and treatment of arterial hypertension. Russian
recommenations]. Sistemnye Gipertenzii [Systemic Hypertension] 3:5{26.

Received April 27, 2014

Contributors

Kirikov Igor A. (b. 1955) | Candidate of Science (PhD) in technology, Di-
rector, Kaliningrad Branch of the Institute of Informatics Problems, Russian
Academy of Sciences, 5 Gostinaya Str., Kaliningrad 236000, Russian Federation;
baltbipiran@mail.ru`
Kolesnikov Alexander V. (b. 1948) | Doctor of Science in technology, Director,
professor, Immanuel Kant Baltic Federal University, 14 Nevskogo Str., Kaliningrad
236041, Russian Federation; senior scientost, Kaliningrad Branch of the Institute of
Informatics Problems, Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad
236000, Russian Federation; avkolesnikov@yandex.ru
Rumovskaya Sophiya B. (b. 1985) | programmer I, Kaliningrad Branch of the
Institute of Informatics Problems, Russian Academy of Sciences, 5 Gostinaya Str.,
Kaliningrad 236000, Russian Federation; sophiyabr@gmail.com

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 3 143



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2014. ’. 24. ü 3. ‘. 144{155

ОСОБЕННОСТИ ФОРМИРОВАНИЯ НОМЕНКЛАТУРЫ
И КОЛИЧЕСТВА КОМПОНЕНТОВ ЗИП

В АВТОМАТИЗИРОВАННЫХ ИНФОРМАЦИОННЫХ
СИСТЕМАХ В ЗАЩИЩЕННОМ ИСПОЛНЕНИИ

А. А. Зацаринный1, С. В. Козлов2, А. И. Гаранин3

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®à£�−¨§�æ¨®−−®-¬¥â®¤¨ç¥áª¨¥ ¯à®¡«¥¬ë ®¡¥á¯¥ç¥-
−¨ï −�¤¥¦−®áâ¨ ª®¬¯«¥ªá®¢ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ (Š‘�) �¢â®¬�â¨§¨à®¢�−-
−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ (�ˆ‘ ‡ˆ) −� ®á−®¢¥
�−�«¨§�, ®¡®¡é¥−¨ï ¨ ®æ¥−ª¨ ®¯ëâ� à�¡®â ¯® â¥å−¨ç¥áª®¬ã −�¤§®àã §� ¨å
íªá¯«ã�â�æ¨¥©. �®ª�§�−ë ä�ªâ®àë, ®¯à¥¤¥«ïîé¨¥ ¢à¥¬ï ¯®¤£®â®¢ª¨ ¨ ¯à®-
¢¥¤¥−¨ï à¥¬®−â� áà¥¤áâ¢ í«¥ªâà®−−®-¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨. �¡®á−®¢�−ë
¯à¥¤«®¦¥−¨ï ¯® à¥�«¨§�æ¨¨ ¨¥à�àå¨ç¥áª®£® ¯à¨−æ¨¯� ä®à¬¨à®¢�−¨ï −®¬¥−-
ª«�âãàë ¨ ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ¢ á®áâ�¢¥ ‡ˆ� (§�¯�á−ë¥ ç�áâ¨, ¨−áâàã-
¬¥−âë, ¯à¨−�¤«¥¦−®áâ¨) ¢ ¢¨¤¥ ç¥âëà¥åãà®¢−¥¢®© á¨áâ¥¬ë ª®¬¯«¥ªâ®¢�−¨ï
‡ˆ� ¨ ¨å ¨á¯®«ì§®¢�−¨î ¢ å®¤¥ ®à£�−¨§�æ¨¨ à�¡®â ¯® à¥¬®−âã â¥å−¨ç¥áª¨å
áà¥¤áâ¢ (’‘). �à¥¤áâ�¢«¥−ë à�áç¥âë ãà®¢−ï §�¯�á� §�¯�á−ëå ç�áâ¥© ¢ á®áâ�¢¥
‡ˆ� −� ®¡ê¥ªâ¥. „�− ¯à¨¬¥à ®æ¥−ª¨ ª®«¨ç¥áâ¢� ’‘ ¢ á®áâ�¢¥ ‡ˆ� ¤«ï
®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬®£® ¯®ª�§�â¥«ï ¤®áâ�â®ç−®áâ¨ (�„) ‡ˆ�.

Keywords: �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨; −�¤¥¦-
−®áâì; ®âª�§ â¥å−¨ç¥áª®£® áà¥¤áâ¢�; ¨¥à�àå¨ç¥áª�ï á¨áâ¥¬� ¨ −®¬¥−ª«�âãà�
‡ˆ�; ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨; ¯®ª�§�â¥«ì ¤®áâ�â®ç−®áâ¨ ‡ˆ�
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1 Введение

�−�«¨§, ®¡®¡é¥−¨¥ ¨ ®æ¥−ª� ®¯ëâ� à�¡®â ¯® â¥å−¨ç¥áª®¬ã −�¤§®àã §� �ˆ‘
‡ˆ ¯®ª�§ë¢�îâ, çâ® ¢ë¡®à ¯®¤å®¤®¢ ª ®¡¥á¯¥ç¥−¨î ¨å −�¤¥¦−®áâ¨ ¨, ¯à¥¦¤¥
¢á¥£®, à¥¬®−â®¯à¨£®¤−®áâ¨ ’‘ ¢® ¬−®£®¬ ®£à�−¨ç¨¢�¥âáï âà¥¡®¢�−¨ï¬¨ ¯® §�é¨â¥
¨−ä®à¬�æ¨¨.

’�ª, ¢ á«ãç�¥ ®âª�§� ’‘ ¨§ á®áâ�¢� Š‘� �ˆ‘ ‡ˆ ¥£® à¥¬®−â ¯à¨ −�-
«¨ç¨¨ ¢ á®áâ�¢¥ ‡ˆ� �−�«®£� ®âª�§�¢è¥£® í«¥¬¥−â� ¯à®¨§¢®¤¨âáï −� ®¡ê¥ªâ¥
íªá¯«ã�â�æ¨¨ «¨¡® ¤®áâ�¢«ï¥âáï ¢ à¥¬®−â−ë© ®à£�−. ‚ ¯¥à¢®¬ ¢�à¨�−â¥ ¢à¥¬ï
¢®ááâ�−®¢«¥−¨ï ®âª�§�¢è¥£® ’‘ ®¯à¥¤¥«ï¥âáï ¢à¥¬¥−¥¬ ¢ë¯®«−¥−¨ï á«¥¤ãîé¨å
à�¡®â:

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, azatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sv kozlov@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, algaranin@mail.ru
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�á®¡¥−−®áâ¨ ä®à¬¨à®¢�−¨ï −®¬¥−ª«�âãàë ¨ ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

{ ¤¨�£−®áâ¨ª� ’‘ á ¢ëï¢«¥−¨¥¬ ®âª�§�¢è¥£® ®¡®àã¤®¢�−¨ï;
{ ¤®áâ�¢ª� ®¡®àã¤®¢�−¨ï ¨§ ¬¥áâ åà�−¥−¨ï ‡ˆ� ª ¬¥áâã íªá¯«ã�â�æ¨¨ ’‘

¨ §�¬¥−� ®âª�§�¢è¥£® í«¥¬¥−â� −� à�¡®â®á¯®á®¡−ë© ¨§ á®áâ�¢� ‡ˆ�;
{ ¯à®¢¥àª� à�¡®â®á¯®á®¡−®áâ¨ ®âà¥¬®−â¨à®¢�−−®£® ’‘;
{ ¯à®¢¥¤¥−¨¥ á¯¥æ¨�«ì−ëå ¨áá«¥¤®¢�−¨© (‘ˆ) ®âà¥¬®−â¨à®¢�−−®£® ’‘ á¯¥-

æ¨�«¨§¨à®¢�−−®© ®à£�−¨§�æ¨¥© ¨ ®â¯à�¢ª� ¢ íªá¯¥àâ−ãî ®à£�−¨§�æ¨î (��)
à¥§ã«ìâ�â®¢ ‘ˆ ¨ ¯à®¥ªâ� −®¢®£® ¯à¥¤¯¨á�−¨ï −� ¥£® íªá¯«ã�â�æ¨î;

{ ¯à®¢¥¤¥−¨¥ íªá¯¥àâ¨§ë ¢ �� ¨ ¤®¢¥¤¥−¨¥ ¥¥ à¥§ã«ìâ�â®¢.

‚® ¢â®à®¬ ¢�à¨�−â¥ ¢à¥¬ï à¥¬®−â� ®âª�§�¢è¨å ¨§¤¥«¨© �ˆ‘ ‡ˆ ¤®¯®«−¨-
â¥«ì−® ¢ª«îç�¥â ¢à¥¬¥−−‚ë¥ §�âà�âë −� á«¥¤ãîé¨¥ à�¡®âë:

{ ¤®áâ�¢ª� −¥¨á¯à�¢−ëå ’‘ ¢ à¥¬®−â−ãî ®à£�−¨§�æ¨î, ¨å ¤¥ä¥ªâ�æ¨ï;
{ ¯à¨®¡à¥â¥−¨¥ ª®¬¯®−¥−â®¢ ¤«ï à¥¬®−â�, ¯à®¢¥¤¥−¨¥ ¨å á¯¥æ¨�«ì−®© ¯à®¢¥àª¨

(‘�), ‘ˆ ®âà¥¬®−â¨à®¢�−−®£® ’‘ ¨ íªá¯¥àâ¨§� ¨å à¥§ã«ìâ�â®¢;
{ ¯¥à¥¤�ç� ®âà¥¬®−â¨à®¢�−−®£® ª®¬¯®−¥−â� −� ®¡ê¥ªâ ¯à¨¬¥−¥−¨ï.

‚ á®®â¢¥âáâ¢¨¨ á ®á−®¢−ë¬¨ ¯®«®¦¥−¨ï¬¨ â¥®à¨¨ −�¤¥¦−®áâ¨ [1, 2] ¢à¥¬ï,
−¥ á¢ï§�−−®¥ −¥¯®áà¥¤áâ¢¥−−® á ®âëáª�−¨¥¬ ¯à¨ç¨−ë ®âª�§�, ¥£® ãáâà�−¥−¨¥¬
¨ ¯à®¢¥àª®© à�¡®â®á¯®á®¡−®áâ¨ ®âà¥¬®−â¨à®¢�−−®£® ®¡®àã¤®¢�−¨ï, ®¡ëç−® ®â-
−®áïâ ª â�ª −�§ë¢�¥¬ë¬ ú®à£�−¨§�æ¨®−−ë¬ ¯à®áâ®ï¬û. ‚ �ˆ‘ ‡ˆ, ¢ ®â«¨ç¨¥
®â �ˆ‘ ¢ ®¡ëç−®¬ ¨á¯®«−¥−¨¨, ª ®à£�−¨§�æ¨®−−ë¬ ¯à®áâ®ï¬ ®â−®á¨âáï ¢à¥¬ï,
§�âà�ç¨¢�¥¬®¥ −� ¯à®¢¥¤¥−¨¥ ‘� §�ªã¯«¥−−ëå ¤«ï §�¬¥−ë −¥¨á¯à�¢−ëå ª®¬¯®-
−¥−â®¢ ¨ ¯à®¢¥¤¥−¨¥ ‘ˆ ®âà¥¬®−â¨à®¢�−−®£® ®¡®àã¤®¢�−¨ï á¯¥æ¨�«¨§¨à®¢�−−®©
®à£�−¨§�æ¨¥© ¨ ¯®«ãç¥−¨¥ §�ª«îç¥−¨ï (¯à¥¤¯¨á�−¨ï −� íªá¯«ã�â�æ¨î) ¯® ¨å à¥-
§ã«ìâ�â�¬ ®â ��. —�é¥ ¢á¥£® ¢à¥¬ï ®à£�−¨§�æ¨®−−ëå ¯à®áâ®¥¢ á ãç¥â®¬ ¢à¥¬¥−¨
¤®áâ�¢ª¨ −¥¨á¯à�¢−ëå ’‘ ¢ à¥¬®−â−ãî ®à£�−¨§�æ¨î ¨ ®¡à�â−® ¬®¦¥â ¤®áâ¨£�âì
2{3 ¬¥á. �®íâ®¬ã ¯®¨áª ¯ãâ¥© á®ªà�é¥−¨ï ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï à�¡®â®-
á¯®á®¡−®áâ¨ äã−ªæ¨®−�«ì−ëå ¨§¤¥«¨© §� áç¥â á®¢¥àè¥−áâ¢®¢�−¨ï ®à£�−¨§�æ¨¨
¯®¤£®â®¢ª¨ ¨ ¯à®¢¥¤¥−¨ï à¥¬®−â� ï¢«ï¥âáï �ªâã�«ì−®© §�¤�ç¥©.

2 Предложения по сокращению времени восстановления
функциональных изделий на основе уточнения подходов
к формированию номенклатуры ЗИП

‚ á®áâ�¢ ®¤¨−®ç−ëå ª®¬¯«¥ªâ®¢ ‡ˆ� ®¡ê¥ªâ®¢ �ˆ‘ ®¡ëç−® ¢ª«îç�îâ á«¥-
¤ãîé¨¥ ª®¬¯«¥ªâãîé¨¥: á¨áâ¥¬−ë¥ ¯«�âë, −�ª®¯¨â¥«¨ −� ¦¥áâª¨å ¬�£−¨â−ëå
¤¨áª�å (�†Œ„), ¬®¤ã«¨ ¯�¬ïâ¨, á¥â¥¢ë¥ ª�àâë, ¨áâ®ç−¨ª¨ ¡¥á¯¥à¥¡®©−®£®
¯¨â�−¨ï (ˆ��) ¨ â. ¯.

„«ï á®ªà�é¥−¨ï ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ®âª�§�¢è¨å
äã−ªæ¨®−�«ì−ëå ¨§¤¥«¨© ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¨§¬¥−¨âì −®¬¥−ª«�-
âãàã ª®¬¯«¥ªâãîé¨å ¢ á®áâ�¢¥ ‡ˆ� [3]. ˆáå®¤ï ¨§ ®¯ëâ� ¯à®¢¥¤¥−−ëå à�¡®â
¯® ¯®¤¤¥à¦�−¨î à�¡®â®á¯®á®¡−®áâ¨ �ˆ‘ ‡ˆ, ¯à¥¤«�£�¥âáï ¢ á®áâ�¢¥ ‡ˆ�
¯à¥¤ãá¬�âà¨¢�âì á«¥¤ãîé¨¥ £àã¯¯ë ®¡®àã¤®¢�−¨ï:
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ƒàã¯¯� 1 | ®â¤¥«ì−ë¥ äã−ªæ¨®−�«ì−ë¥ ¨§¤¥«¨ï (á¥à¢¥à−ë¥ �‚Œ, ª®¬¯«¥ª-
âë �‚Œ ¤«ï à�¡®ç¨å áâ�−æ¨©, â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ áà¥¤áâ¢� ¨ áà¥¤áâ¢�
§�é¨âë ¨−ä®à¬�æ¨¨), ¯à®è¥¤è¨¥ ‘� ¨ ‘ˆ ¨ ¨¬¥îé¨¥ á®®â¢¥âáâ¢ãîé¨¥
à¥£¨áâà�æ¨®−−ë¥ ¤®ªã¬¥−âë. �à¨ íâ®¬ ¯¥à¥¤ ¢ª«îç¥−¨¥¬ ¢ á®áâ�¢ ‡ˆ�
á¥à¢¥à®¢ ¨ à�¡®ç¨å áâ�−æ¨© ®−¨ ¤®«¦−ë ¡ëâì §�£àã¦¥−ë ®¡é¨¬ ¨ á¯¥æ¨�«ì-
−ë¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ (��).
�à¨ ¨á¯®«ì§®¢�−¨¨ ®¡®àã¤®¢�−¨ï íâ®© £àã¯¯ë ¤«ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®-
á¯®á®¡−®áâ¨ Š‘� �ˆ‘ ‡ˆ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï ’‘ ¢ª«îç�¥â:

{ ¢à¥¬ï, −¥®¡å®¤¨¬®¥ −� ®à£�−¨§�æ¨î ¯®«ãç¥−¨ï ¨ ¤®áâ�¢ªã ®¡®àã¤®¢�−¨ï
¨§ ¬¥áâ åà�−¥−¨ï ‡ˆ� ¢ ¬¥áâ� íªá¯«ã�â�æ¨¨ ®âª�§�¢è¥£® ’‘;

{ ¢à¥¬ï ¢ª«îç¥−¨ï ®¡®àã¤®¢�−¨ï ¢ á®áâ�¢ Š‘� �ˆ‘ ‡ˆ;

{ ¢à¥¬ï ¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨ ’‘ ¢ á®áâ�¢¥ Š‘�.

‡�¬¥−� −� ®¡ê¥ªâ¥ ®âª�§�¢è¥£® äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï −� ¨á¯à�¢−®¥ ®áã-
é¥áâ¢«ï¥âáï á«ã¦¡®© íªá¯«ã�â�æ¨¨ á ¢à¥¬¥−¥¬ ¢®ááâ�−®¢«¥−¨ï ¤® 2 ç.
�®á«¥ ¯à®¢¥¤¥−¨ï à¥¬®−â� ®âª�§�¢è¥¥ ’‘ ¢®§¢à�é�¥âáï ®¡à�â−® ¢ á®áâ�¢
äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï. �âà¥¬®−â¨à®¢�−−®¥ äã−ªæ¨®−�«ì−®¥ ¨§¤¥«¨¥ ¯®
à¥è¥−¨î á«ã¦¡ë íªá¯«ã�â�æ¨¨ «¨¡® ¨á¯®«ì§ã¥âáï ¤«ï ¢®á¯®«−¥−¨ï ‡ˆ�,
«¨¡® ¢®§¢à�é�¥âáï −� ¯à¥¦−¥¥ ¬¥áâ® äã−ªæ¨®−¨à®¢�−¨ï, � §�¬¥−¨¢è¥¥ ¥£®
äã−ªæ¨®−�«ì−®¥ ¨§¤¥«¨¥ ¨§ á®áâ�¢� ‡ˆ� ¢®§¢à�é�¥âáï ®¡à�â−® ¢ á®áâ�¢
‡ˆ�. ‚ ®¡®¨å ãª�§�−−ëå á«ãç�ïå ¢à¥¬ï ¯à®¢¥¤¥−¨ï à¥¬®−â� ®âª�§�¢è¥£®
äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï (á ãç¥â®¬ ¢à¥¬¥−¨, −¥®¡å®¤¨¬®£® −� ¯à®¢¥¤¥−¨¥
‘ˆ ¨ ¯®«ãç¥−¨¥ §�ª«îç¥−¨ï ®â ��) ¬®¦−® áç¨â�âì ¢à¥¬¥−¥¬ ¯®¯®«−¥−¨ï
á®áâ�¢� ‡ˆ�. �¯ëâ à�¡®â ¯® â¥å−¨ç¥áª®¬ã −�¤§®àã §� �ˆ‘ ‡ˆ ¯®ª�§ë¢�¥â,
çâ® ‡ˆ� ®¡ëç−® ¯®¯®«−ï¥âáï 1 à�§ ¢ £®¤.
’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ ®¡®àã¤®¢�−¨ï ‡ˆ� ¯¥à¢®© £àã¯¯ë ¯®§¢®«ï¥â
á®ªà�â¨âì ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï äã−ªæ¨®−�«ì−ëå ¨§¤¥«¨© �ˆ‘ ‡ˆ á 2{
3 ¬¥á. ¤® 3{4 ç, � ¯¥à¨®¤ ¯®¯®«−¥−¨ï ‡ˆ� | á 1{2 «¥â ¤® 2{3 ¬¥á.

ƒàã¯¯� 2 | ®â¤¥«ì−ë¥ ª®¬¯®−¥−âë äã−ªæ¨®−�«ì−ëå ¨§¤¥«¨© (á¨áâ¥¬−ë¥ ¡«®ª¨
�‚Œ, ¬®−¨â®àë, ¯¥à¨ä¥à¨©−ë¥ ãáâà®©áâ¢� (¯à¨−â¥àë ¨ áª�−¥àë) ¨§ á®-
áâ�¢� �¢â®¬�â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ (�÷Œ), ª«�¢¨�âãà�, ˆ�� ¨ ¤à.),
¯à®è¥¤è¨¥ ‘�.
‚â®à�ï £àã¯¯� ®¡®àã¤®¢�−¨ï ‡ˆ� ¨á¯®«ì§ã¥âáï ¤«ï §�¬¥−ë ®âª�§�¢è¨å
’‘ ¢ á®áâ�¢¥ äã−ªæ¨®−�«ì−ëå ¨§¤¥«¨©, §�¬¥−¥−−ëå ¨§ ‡ˆ� ®¡®àã¤®¢�-
−¨¥¬ ¯¥à¢®© £àã¯¯ë. �à¨ ¨á¯®«ì§®¢�−¨¨ ®¡®àã¤®¢�−¨ï ¢â®à®© £àã¯¯ë
¤«ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ’‘ �ˆ‘ ‡ˆ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï
äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï ¢ª«îç�¥â:

{ ¢à¥¬ï §�¬¥−ë ®âª�§�¢è¥£® ®¡®àã¤®¢�−¨ï −� ¨á¯à�¢−®¥ ¨§ á®áâ�¢� ‡ˆ�,
¢ª«îç�ï ¥£® ¤®áâ�¢ªã ¨§ ¬¥áâ åà�−¥−¨ï, ¢à¥¬ï ¢ª«îç¥−¨ï ®¡®àã¤®¢�−¨ï
¢ áå¥¬ã ¨§¤¥«¨ï ¨ ¥£® §�£àã§ªã ��, ¨ ¬®¦¥â ¤®áâ¨£�âì 2{4 ç;
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�á®¡¥−−®áâ¨ ä®à¬¨à®¢�−¨ï −®¬¥−ª«�âãàë ¨ ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

{ ¢à¥¬ï −� ®à£�−¨§�æ¨î ¨ ¯à®¢¥¤¥−¨¥ ‘ˆ ®âà¥¬®−â¨à®¢�−−®£® ¨§¤¥«¨ï,
ª®â®à®¥ ¬®¦¥â á®áâ�¢«ïâì ®â 2{3 ¤−¥© ¤® 1{2 −¥¤.;

{ ¢à¥¬ï ¯®«ãç¥−¨ï §�ª«îç¥−¨ï ¯® à¥§ã«ìâ�â�¬ ‘ˆ ®â ��, ª®â®à®¥ ¬®¦¥â
á®áâ�¢«ïâì ¤® 2{3 ¬¥á.

’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ ®¡®àã¤®¢�−¨ï ‡ˆ� ¢â®à®© £àã¯¯ë ¯®§¢®«ï¥â
®¡¥á¯¥ç¨âì £®â®¢−®áâì ®¡®àã¤®¢�−¨ï ‡ˆ� ¯¥à¢®© £àã¯¯ë ¯®á«¥ ¥£® ¨á¯®«ì-
§®¢�−¨ï ¤«ï à¥¬®−â� äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï �ˆ‘ ‡ˆ ¨ ¢®§¢à�é¥−¨ï
¢ ‡ˆ� −¥¨á¯à�¢−®£® ®¡®àã¤®¢�−¨ï, çâ® ¯®§¢®«ï¥â ¨áª«îç¨âì ¢à¥¬ï ®à£�-
−¨§�æ¨®−−ëå ¯à®áâ®¥¢, á¢ï§�−−ëå á ¯à®¢¥¤¥−¨¥¬ ‘ˆ ®âà¥¬®−â¨à®¢�−−®£®
äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï. ‚à¥¬ï ¢®ááâ�−®¢«¥−¨ï ¨§¤¥«¨© �ˆ‘ ‡ˆ ¯à¨
íâ®¬ ¬®¦¥â á®ªà�â¨âìáï á 2{3 ¬¥á. ¤® 3{4 ç, � ¯¥à¨®¤ ¯®¯®«−¥−¨ï ‡ˆ� |
á 1{2 «¥â ¤® 2{3 ¬¥á.

ƒàã¯¯� 3 | ®â¤¥«ì−ë¥ ã§«ë, ¡«®ª¨ ¨ ¯«�âë ª®¬¯®−¥−â®¢ äã−ªæ¨®−�«ì−ëå
¨§¤¥«¨©, ¢ â®¬ ç¨á«¥:

{ ¬�â¥à¨−áª¨¥ ¯«�âë, ¢¨¤¥®ª�àâë, ¯à®è¥¤è¨¥ ‘� ¨ â¥¬�â¨ç¥áª¨¥ ¨áá«¥-
¤®¢�−¨ï ¢áâà®¥−−®£® �� ¬¨ªà®áå¥¬ BIOS (Basic Input/Output System);

{ �†Œ„, ¯«�âë ¯�¬ïâ¨, ª®−âà®««¥àë, ¢áâà®¥−−ë¥ ¡«®ª¨ ¯¨â�−¨ï ¨ ¤àã-
£¨¥ ãáâà®©áâ¢�, ¯à®è¥¤è¨¥ ‘�.

’à¥âìï £àã¯¯� ®¡®àã¤®¢�−¨ï ‡ˆ� ¯à¥¤−�§−�ç¥−� ¤«ï §�¬¥é¥−¨ï ª®¬¯®−¥−â®¢
¢ á®áâ�¢¥ ®âª�§�¢è¨å ’‘, §�¬¥−¥−−ëå ¨§ ‡ˆ� ®¡®àã¤®¢�−¨¥¬ ¢â®à®© £àã¯¯ë.
�à¨ ¨á¯®«ì§®¢�−¨¨ ®¡®àã¤®¢�−¨ï íâ®© £àã¯¯ë ¤«ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®-
á¯®á®¡−®áâ¨ ’‘ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï ¢ª«îç�¥â
â¥ ¦¥ §�âà�âë ¢à¥¬¥−¨, çâ® ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ®¡®àã¤®¢�−¨ï ¢â®à®© £àã¯¯ë
¨ ¬®¦¥â á®áâ�¢¨âì ¤® 2{3 ¬¥á.

ƒàã¯¯� 4 | à�áå®¤−ë¥ ¬�â¥à¨�«ë (�ªªã¬ã«ïâ®à−ë¥ ¡�â�à¥¨, ª�àâà¨¤¦¨ ¨ ¤à.),
¯à®è¥¤è¨¥ ‘�.

’�ª¨¬ ®¡à�§®¬, −�¨¡®«¥¥ ¢¥á®¬ë© ¢ª«�¤ ¢ á®ªà�é¥−¨¥ ¢à¥¬¥−¨ ¢®ááâ�−®-
¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ äã−ªæ¨®−�«ì−ëå ¨§¤¥«¨© ¢ �ˆ‘ ‡ˆ ®¡¥á¯¥ç¨¢�¥âáï
§� áç¥â ¨á¯®«ì§®¢�−¨ï ¤«ï à¥¬®−â� ®¡®àã¤®¢�−¨ï ‡ˆ� ¯¥à¢®© £àã¯¯ë. ‚¬¥áâ¥
á â¥¬ ¢ á®áâ�¢¥ ‡ˆ� −¥®¡å®¤¨¬® ¨¬¥âì ¢á¥ ç¥âëà¥ £àã¯¯ë ®¡®àã¤®¢�−¨ï ¨ ª®¬-
¯®−¥−â®¢. ’�ª, −¥®¡å®¤¨¬®áâì ¢ª«îç¥−¨ï ¢ á®áâ�¢ ‡ˆ� ®¡®àã¤®¢�−¨ï ¢â®à®©
¨ âà¥âì¥© £àã¯¯ ®¡êïá−ï¥âáï á«¥¤ãîé¨¬¨ ®á−®¢−ë¬¨ ¯à¨ç¨−�¬¨.

1. �®á«¥ ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ äã−ªæ¨®−�«ì−®£® ¨§¤¥«¨ï, ®âª�-
§�¢è¨¥ ’‘ ¨§ ¥£® á®áâ�¢� ¬®£ãâ ¡ëâì ¢®ááâ�−®¢«¥−ë á«ã¦¡®© íªá¯«ã�â�æ¨¨
®¡ê¥ªâ� á ¨á¯®«ì§®¢�−¨¥¬ ®¡®àã¤®¢�−¨ï ‡ˆ� ¢â®à®© ¨ âà¥âì¥© £àã¯¯. �à¨
¨å ®âáãâáâ¢¨¨ ¢ á®áâ�¢¥ ‡ˆ� −¥¨á¯à�¢−®¥ ®¡®àã¤®¢�−¨¥ −¥®¡å®¤¨¬® ®â¯à�¢-
«ïâì ¢ à¥¬®−â−ë¥ ®à£�−ë, � íâ® âà¥¡ã¥â ¤®¯®«−¨â¥«ì−®£® ¢à¥¬¥−¨.

2. ‘à®ª á«ã¦¡ë �ˆ‘ ‡ˆ ®¡ëç−® á®áâ�¢«ï¥â −¥ ¬¥−¥¥ 10 «¥â. ‚ â® ¦¥ ¢à¥¬ï
¢ á¢ï§¨ á ¡ëáâàë¬ à�§¢¨â¨¥¬ áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −®¬¥−ª«�âãà�
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¢ë¯ãáª�¥¬ëå ¯à®¬ëè«¥−−®áâìî ª®¬¯«¥ªâãîé¨å ¤«ï à¥¬®−â� ’‘ (á¨áâ¥¬-
−ë¥ ¯«�âë, ¯à®æ¥áá®àë, ¯�¬ïâì ¨ ¤à.) ®¡−®¢«ï¥âáï ª�¦¤ë¥ 2{3 £®¤� [4].
�â® ®§−�ç�¥â, çâ® ç¥à¥§ 2{3 £®¤� ¯®á«¥ ¯®áâ�¢ª¨ ®¡®àã¤®¢�−¨ï −� ®¡ê¥ªâë
�ˆ‘ ‡ˆ ¢ à¥¬®−â−ëå ®à£�−�å ¬®¦¥â −¥ ®ª�§�âìáï −ã¦−®© −®¬¥−ª«�âãàë
ª®¬¯«¥ªâãîé¨å ¨ ¡ã¤¥â −¥®¡å®¤¨¬® §�¬¥−ïâì ¨å á®¢à¥¬¥−−ë¬¨ �−�«®£�¬¨.
‚ íâ®¬ á«ãç�¥ ¤«ï á¨áâ¥¬−ëå ¯«�â ¨ ¤àã£¨å í«¥¬¥−â®¢, á®¤¥à¦�é¨å ãáâà®©-
áâ¢� BIOS, ¯®âà¥¡ã¥âáï ¯à®¢®¤¨âì ¨å â¥¬�â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï, çâ® â�ª¦¥
á¢ï§�−® á ¤®¯®«−¨â¥«ì−ë¬¨ ¢à¥¬¥−−‚ë¬¨ ¨ ä¨−�−á®¢ë¬¨ §�âà�â�¬¨.

�æ¥−ªã ª®«¨ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ� á ãç¥â®¬ ¯à¥¤-
«®¦¥−−ëå £àã¯¯ ®¡®àã¤®¢�−¨ï ‡ˆ� æ¥«¥á®®¡à�§−® ¯à®¨§¢®¤¨âì ¢ á®®â¢¥âáâ¢¨¨
á ¬¥â®¤¨ª®© à�áç¥â� §�¯�á®¢ ¢ ª®¬¯«¥ªâ¥ ‡ˆ�, ¨§«®¦¥−−®© ¢ [4, 5].

3 Основные положения методики расчета уровня запаса запасных
частей в комплекте ЗИП

÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¯à®¥ªâ¨à®¢�−¨ï ª®¬¯«¥ªâ®¢ ‡ˆ� �ˆ‘ ‡ˆ, ®¡¥á¯¥-
ç¨¢�îé¨å §�¤�−−ë© ãà®¢¥−ì �„ ¯à¨ ¬¨−¨¬�«ì−ëå §�âà�â�å.

�®ª�§�â¥«ì ¤®áâ�â®ç−®áâ¨ [6] á¨áâ¥¬ë ‡ˆ� å�à�ªâ¥à¨§ã¥â á−¨¦¥−¨¥ −�¤¥¦-
−®áâ¨ ¯�àë ú®¡ê¥ªâ { ª®−ªà¥â−�ï á¨áâ¥¬� ‡ˆ�û ¯® áà�¢−¥−¨î á −�¤¥¦−®áâìî
¯�àë ú®¡ê¥ªâ { ¡¥áª®−¥ç−�ï á¨áâ¥¬� ‡ˆ�û (ú¡¥áª®−¥ç−�ï á¨áâ¥¬� ‡ˆ�û ¯à¥¤-
¯®«�£�¥â, çâ® −¥®¡å®¤¨¬ë¥ §�¯�á−ë¥ í«¥¬¥−âë −¥ §�ª®−ç�âáï ¢ á¨áâ¥¬¥ ‡ˆ� ¤®
®ª®−ç�−¨ï áà®ª� íªá¯«ã�â�æ¨¨ ®¡ê¥ªâ�). �®ª�§�â¥«ì ¤®áâ�â®ç−®áâ¨, ¯® áãé¥-
áâ¢ã, | ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ª®¬¯«¥ªâ� ‡ˆ� KÇ.ÚÉÐ (¢¥à®ïâ−®áâì â®£®, çâ®
á¨áâ¥¬� ‡ˆ� ¨á¯à�¢−�) [5].

�æ¥−¨¬ −¥®¡å®¤¨¬®¥ ª®«¨ç¥áâ¢® §�¯�á−ëå í«¥¬¥−â®¢ ¢ ‡ˆ�-� ®¡ê¥ªâ� ¯à¨
à�§«¨ç−ëå ¢�à¨�−â�å ¥£® ª®¬¯«¥ªâ®¢�−¨ï, á â¥¬ çâ®¡ë ¯à¨ ¬¨−¨¬ã¬¥ §�âà�â −�
‡ˆ� ¢ë¯®«−ï«®áì −¥à�¢¥−áâ¢®:

KÇ.ÚÉÐ ≥ K0.ÚÉÐ =
R0
K∞

,

£¤¥K0.ÚÉÐ| âà¥¡ã¥¬ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ á¨áâ¥¬ë ‡ˆ�;R0| âà¥¡ã¥¬®¥
§−�ç¥−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ®¡ê¥ªâ� á ãç¥â®¬ à¥�«ì−®© á¨áâ¥¬ë ‡ˆ�;
K∞ | ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ®¡ê¥ªâ� ¯à¨ ¡¥áª®−¥ç−®© á¨áâ¥¬¥ ‡ˆ�.

�âª�§®¬ á¨áâ¥¬ë ‡ˆ� ãá«®¢−® −�§ë¢�¥âáï â�ª®¥ á®áâ®ï−¨¥ ¯�àë ú®¡ê¥ªâ {
á¨áâ¥¬� ‡ˆ�û, ¯à¨ ª®â®à®¬ ®¡ê¥ªâ ¯®«−®áâìî ¨«¨ ç�áâ¨ç−® ¯®â¥àï« à�¡®â®á¯®-
á®¡−®áâì ¨§-§� ®âª�§� ®¤−®£® ¨§ á®áâ�¢«ïîé¨å ¥£® í«¥¬¥−â®¢, � á¨áâ¥¬� ‡ˆ�
−¥ ¬®¦¥â ¯à¥¤®áâ�¢¨âì −ã¦−®£® §�¯�á−®£® í«¥¬¥−â�. ÷�áç¥â §�¯�á®¢ ¢ ª®¬¯«¥ªâ¥
‡ˆ� á®áâ®¨â ¨§ à�áç¥â®¢ §�¯�á®¢ ª�¦¤®£® â¨¯� ¢ ®â¤¥«ì−®áâ¨ ¨ ¯®á«¥¤ãîé¥©
®æ¥−ª¨ �„ ¨ áã¬¬�à−ëå §�âà�â ¯® ª®¬¯«¥ªâã ‡ˆ� ¢ æ¥«®¬. �¥®¡å®¤¨¬ë¥
§�¯�áë í«¥¬¥−â®¢ ¢ ª®¬¯«¥ªâ¥ ‡ˆ� §�¢¨áïâ ®â ¯à¨−ïâ®© ¢ á¨áâ¥¬¥ áâà�â¥£¨¨ ¨å
¯®¯®«−¥−¨ï, áà¥¤¨ ª®â®àëå à�áá¬®âà¨¬ [5]:
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�á®¡¥−−®áâ¨ ä®à¬¨à®¢�−¨ï −®¬¥−ª«�âãàë ¨ ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

{ ¯¥à¨®¤¨ç¥áª®¥ ¯®¯®«−¥−¨¥ | §�¯�á í«¥¬¥−â®¢ ¤�−−®£® â¨¯� ¢®ááâ�−�¢«¨¢�-
¥âáï ç¥à¥§ §�à�−¥¥ §�¤�−−ë¥ ¨−â¥à¢�«ë ¢à¥¬¥−¨ TÐÐ = TÐi;

{ −¥¯à¥àë¢−®¥ ¯®¯®«−¥−¨¥ | áâà�â¥£¨î −¥¯à¥àë¢−®£® ¯®¯®«−¥−¨ï ¯à¨¬¥−ïîâ
¤«ï §�¯�á®¢ ¢®ááâ�−�¢«¨¢�¥¬ëå í«¥¬¥−â®¢, ª®â®àë¥ «¨¡® ¯®¯®«−ïîâáï ¨§
‡ˆ� ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï, «¨¡® ¢®§¢à�é�îâáï ¯®á«¥ à¥¬®−â� ¢ ‡ˆ�, ¨§
ª®â®à®£® ¡ë«¨ ¨§êïâë. �â� áâà�â¥£¨ï ¯®¯®«−¥−¨ï å�à�ªâ¥à¨§ã¥âáï áà¥¤−¨¬
¢à¥¬¥−¥¬ à¥¬®−â� ®¤−®£® í«¥¬¥−â� ¤�−−®£® â¨¯� TÐÐ = TÒi.

�à¨¥¬«¥¬�ï â®ç−®áâì ¢ëç¨á«¥−¨ï �„ ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ æ¥«®¬ ¯® å�-
à�ªâ¥à¨áâ¨ª�¬ ®â¤¥«ì−ëå §�¯�á®¢ ®¡¥á¯¥ç¨¢�¥âáï ¯à¨ ãá«®¢¨¨, çâ® âà¥¡ã¥¬ë¥
§−�ç¥−¨ï �„ ª®¬¯«¥ªâ� ã¤®¢«¥â¢®àïîâ −¥à�¢¥−áâ¢ã:

KÇ.ÚÉÐ =
N
∏

i=1

KÇÚi ≥ 0,9 ,

£¤¥KÚÇi | ª®íää¨æ¨¥−â £®â®¢−®áâ¨ §�¯�á−ëå ç�áâ¥© i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�;
i | ¯®àï¤ª®¢ë© −®¬¥à â¨¯� §�¯�á� ¢ ª®¬¯«¥ªâ¥ ‡ˆ� (i = 1, . . . , N ); N | ®¡é¥¥
ç¨á«® â¨¯®¢ §�¯�á−ëå ç�áâ¥©.

ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï à�áç¥â� §�¯�á®¢ ¢ ª®¬¯«¥ªâ¥ ‡ˆ� �ˆ‘ ‡ˆ:

mi | ª®«¨ç¥áâ¢® á®áâ�¢−ëå ç�áâ¥© i-£® â¨¯� ¢ ¨§¤¥«¨¨;

λÚi | ¨−â¥−á¨¢−®áâì §�¬¥− á®áâ�¢−ëå ç�áâ¥© i-£® â¨¯� ¢ ¨§¤¥«¨¨ (λÚi = 1/TÏi,
£¤¥ TÏi | áà¥¤−ïï −�à�¡®âª� −� ®âª�§ i-£® í«¥¬¥−â�);

niÏ | −¥®¡å®¤¨¬ë© ãà®¢¥−ì §�¯�á� í«¥¬¥−â®¢ i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�;

εÏ | −¥®¡å®¤¨¬�ï â®ç−®áâì ¢ëç¨á«¥−¨ï �„ ª®¬¯«¥ªâ� ‡ˆ�.

‡−�ç¥−¨¥ �„ ª®¬¯«¥ªâ� ‡ˆ� ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ [7]

KÇ.ÚÉÐ = exp

{

N
∏

i=1

Rio (nio, aio)

}

, (1)

£¤¥ aio | áà¥¤−¥¥ ç¨á«® ¯®áâã¯�îé¨å ¢ ª®¬¯«¥ªâ ‡ˆ� §�ï¢®ª −� §�¯�á−ë¥ ç�áâ¨
¤«ï §�¯�á� ª�¦¤®£® â¨¯� §� ¯¥à¨®¤ ¯®¯®«−¥−¨ï:

aio = miλÚioTÐÐ ; (2)

Rio(nio, aio)| ¯à®¬¥¦ãâ®ç−ë© à�áç¥â−ë© ¯®ª�§�â¥«ì, ª®â®àë© ¯à¨ ¯¥à¨®¤¨ç¥-
áª®¬ ¯®¯®«−¥−¨¨ ‡ˆ� á ¯¥à¨®¤®¬ ¯®¯®«−¥−¨ï Tni ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ [7]:

Rio(nio, aio) = − ln







1− 1
aio



e−aio

∞
∑

γ=ni+2

(γ − nio − 1)
aγ

io

γ!











. (3)
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�à¨¬¥ç�−¨¥. �à¨ à�áç¥â�å ¯® ä®à¬ã«¥ (3) ¢ëà�¦¥−¨¥ ¢ ª¢�¤à�â−ëå áª®¡ª�å, á®¤¥à¦�-
é¥¥ ¡¥áª®−¥ç−ãî áã¬¬ã, ¢ëç¨á«ïîâ ¤® â�ª®£® §−�ç¥−¨ï ¨−¤¥ªá� áã¬¬¨à®¢�−¨ï γ, ¯à¨
ª®â®à®¬ íâ® ¢ëà�¦¥−¨¥ ¢¯¥à¢ë¥ ã¤®¢«¥â¢®àï¥â −¥à�¢¥−áâ¢ã

[aio, nio, γ] ≤
ε0
2N

. (4)

�à¨ −¥¯à¥àë¢−®¬ ¯®¯®«−¥−¨¨ §�¯�á®¢ ‡ˆ�-� á ¯¥à¨®¤®¬ ¯®¯®«−¥−¨ï TÐi
¯à®¬¥¦ãâ®ç−ë© à�áç¥â−ë© ¯®ª�§�â¥«ì ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ [7]:

Rio (nio, aio) = − ln















1− anio+1
io

(nio + 1)!

nio+1
∑

k=0

ak
io/k!















. (5)

4 Пример расчета количественных характеристик вариантов
комплектования ЗИП

�ãáâì ®¡ê¥ªâ á®áâ®¨â ¨§ n á¥à¢¥à®¢ ¨ m à�¡®ç¨å áâ�−æ¨©. Šà®¬¥ ª®«¨ç¥-
áâ¢¥−−®£® á®áâ�¢� ¨§¢¥áâ−� Toi | áà¥¤−ïï −�à�¡®âª� −� ®âª�§ ®¡®àã¤®¢�−¨ï i-£®
â¨¯� ¢ ª�¦¤®© £àã¯¯¥ ®¡®àã¤®¢�−¨ï. �à¥¤«®¦¥−−ë© á®áâ�¢ ®¡ê¥ªâ� ¯®§¢®«¨â
à�áá¬®âà¥âì −�¨¡®«¥¥ â¨¯®¢ë¥ ¢�à¨�−âë ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ�.

ˆáå®¤−ë¥ ¤�−−ë¥ ¯® á®áâ�¢ã ®¡®àã¤®¢�−¨ï ®¡ê¥ªâ�, ãç¨âë¢�¥¬ë¥ ¯à¨ ®æ¥−ª¥
á®áâ�¢� ‡ˆ�, ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 1.

�® ¯¥à¢®¬ã ¢�à¨�−âã | ¯à¨−ïâ�ï á¨áâ¥¬� ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ�, ¯¥à¨®¤
¯®¯®«−¥−¨ï §�¯�á®¢ í«¥¬¥−â®¢ ¤�−−®£® â¨¯� Tnn = 8760 ç (1 £®¤). ‚ á®áâ�¢ ‡ˆ�
¢ª«îç�îâáï á¨áâ¥¬−ë¥ ¯«�âë, �†Œ„, ¬®¤ã«¨ ¯�¬ïâ¨, á¥â¥¢ë¥ ª�àâë, ˆ��,
ª«�¢¨�âãà�, ª®−¢¥àâ¥àë ¨ â. ¯.

�® ¢â®à®¬ã ¢�à¨�−âã ¯à¨−ïâ� 4-ãà®¢−¥¢�ï á¨áâ¥¬� ª®¬¯«¥ªâ®¢�−¨ï.
ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï à�áç¥â®¢ ¯¥à¢®£® ¢�à¨�−â� ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2

(ª®«®−ª¨ 1{4). ˆá¯®«ì§ãï ¢ëà�¦¥−¨¥ (2), ®¯à¥¤¥«¨¬ aio ¨ §�¯®«−¨¬ ª®«®−ªã 6
â�¡«. 2. ‡−�ç¥−¨¥ ¯à®¬¥¦ãâ®ç−®£® à�áç¥â−®£® ¯®ª�§�â¥«ïRio(nio, aio) ¢ëç¨á«¨¬
¯® ä®à¬ã«¥ (3). —¨á«¥−−®¥ §−�ç¥−¨¥ ¢ëà�¦¥−¨ï ¢ ª¢�¤à�â−ëå áª®¡ª�å ¢ (3)
¯à¨ ä¨ªá¨à®¢�−−®¬ i §�¢¨á¨â â®«ìª® ®â nio. „«ï ¯®«ãç¥−¨ï §�¤�−−®© â®ç−®áâ¨
¢ëç¨á«¥−¨ï �„ ¯à¨−¨¬�¥¬ ε0 = 0,1 (¢ á®®â¢¥âáâ¢¨¨ á (4) ε0/2N = 0,005) ¨ ¯ã-
â¥¬ ¨â¥à�æ¨©, −�ç¨−�ï á nio = 1 ¨ ã¢¥«¨ç¨¢�ï nio −� ª�¦¤®¬ è�£¥ −� ¥¤¨−¨æã,
®âëáª¨¢�¥¬ â�ª®¥ §−�ç¥−¨¥ nio, ¯à¨ ª®â®à®¬ ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢® (4). �®«ã-
ç¥−−ë¥ â�ª¨¬ ®¡à�§®¬ §−�ç¥−¨ï nio ¨Rio(nio, aio) ¢áâ�¢«ï¥¬ ¢ â�¡«. 2 (ª®«®−ª¨ 5
¨ 7 á®®â¢¥âáâ¢¥−−®).

�−�«¨§ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ (ª®«®−ª� 5) ¯®ª�§ë¢�¥â, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï
§�¤�−−ëå ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï n = 6 á¥à¢¥à®¢ á �„ −¥
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�á®¡¥−−®áâ¨ ä®à¬¨à®¢�−¨ï −®¬¥−ª«�âãàë ¨ ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

’�¡«¨æ� 1 ˆáå®¤−ë¥ ¤�−−ë¥ ¯® á®áâ�¢ã ®¡®àã¤®¢�−¨ï ®¡ê¥ªâ�

�¡®àã-
¤®¢�−¨¥ i

�¡®§−�-
ç¥−¨¥

T0i,
ç

mi,
èâ. ��¨¬¥−®¢�−¨¥ ®¡®àã¤®¢�−¨ï

�¥à¢®© 1 1-1 30 000 6 ‘¥à¢¥à
£àã¯¯ë 2 1-2 12 000 15 �÷Œ

1 2-1 15 000 15 ‘¨áâ¥¬−ë© ¡«®ª
2 2-2 25 000 15 Œ®−¨â®à

‚â®à®© 3 2-3 18 000 15 Š«�¢¨�âãà�
£àã¯¯ë 4 2-4 18 000 15 Œ�−¨¯ã«ïâ®à ¬ëèì

5 2-5 12 000 15 ˆ��
1 3-1 14 000 6 ‘¬¥−−ë© ¬®¤ã«ì ¯¨â�−¨ï á¥à¢¥à� 750 ‚â
2 3-2 18 000 6 Œ®¤ã«ì ¯�¬ïâ¨ á¥à¢¥à�
3 3-3 18 000 6 ‘¨áâ¥¬−�ï ¯«�â� á¥à¢¥à�
4 3-4 20 000 6 ‘¥â¥¢�ï ª�àâ� á¥à¢¥à�
5 3-5 10 000 6 �†Œ„ á¥à¢¥à�
6 3-6 20 000 6 ‘à¥¤áâ¢® ª®−âà®«ï ¤®áâã¯�

’à¥âì¥© 7 3-7 30 000 6 �à®æ¥áá®à á¥à¢¥à�
£àã¯¯ë 8 3-8 18 000 15 ‘¨áâ¥¬−�ï ¯«�â� �‚Œ

9 3-9 18 000 15 �à®æ¥áá®à �‚Œ
10 3-10 18 000 15 Œ®¤ã«ì ¯�¬ïâ¨ �‚Œ
11 3-11 10 000 15 �†Œ„ �‚Œ
12 3-12 20 000 15 ‘¥â¥¢�ï ª�àâ� �‚Œ
13 3-13 20 000 15 ‚¨¤¥®ª�àâ� �‚Œ
14 3-14 12 000 15 ‘¬¥−−ë© ¬®¤ã«ì ¯¨â�−¨ï �‚Œ 450 ‚â

¬¥−¥¥ 0,9 ¨ ¯à¨ ¯¥à¨®¤¨ç¥áª®¬ ¯®¯®«−¥−¨¨ á®áâ�¢� ‡ˆ� 1 à�§ ¢ £®¤ ¯®âà¥¡ã¥âáï
¨¬¥âì ¢ á®áâ�¢¥ ‡ˆ� ®¡ê¥ªâ� ®â 6 ¤® 12 §�¯�á−ëå í«¥¬¥−â®¢ à�§«¨ç−®£® â¨¯�.
„«ï ®¡¥á¯¥ç¥−¨ï §�¤�−−ëå ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï m = 15
�÷Œ ¯®âà¥¡ã¥âáï ¨¬¥âì ¢ á®áâ�¢¥ ‡ˆ� ®¡ê¥ªâ� ®â 12 ¤® 23 §�¯�á−ëå í«¥¬¥−â®¢
à�§«¨ç−®£® â¨¯�.

÷¥§ã«ìâ¨àãîé¥¥ §−�ç¥−¨¥ ¯®ª�§�â¥«ï Rio(nio, aio) ¯à¥¤áâ�¢«¥−® ¢ −¨¦−¥©
áâà®ª¥ â�¡«. 2. �®¤áâ�¢«ïï íâ® §−�ç¥−¨¥ ¢ ¢ëà�¦¥−¨¥ (1), ¯®«ãç¨¬ §−�ç¥−¨¥
�„ ª®¬¯«¥ªâ� ‡ˆ�-� KÇ.ÚÉÐ = 0,957. „àã£¨¬¨ á«®¢�¬¨, ¯à¨ ãª�§�−−®¬
¢ ª®«®−ª¥ 5 ª®«¨ç¥áâ¢¥ §�¯�á−ëå ç�áâ¥© ¢ á®áâ�¢¥ ‡ˆ� ª®íää¨æ¨¥−â £®â®¢−®áâ¨
á¨áâ¥¬ë ‡ˆ� á®áâ�¢¨â KÇ.ÚÉÐ = 0,957.

‚® ¢â®à®¬ ¢�à¨�−â¥ ¤«ï ¯®¯®«−¥−¨ï ®¡®àã¤®¢�−¨ï ‡ˆ� 1-© £àã¯¯ë ¨ ç�áâ¨
®¡®àã¤®¢�−¨ï 2-© £àã¯¯ë (®¡®àã¤®¢�−¨¥, ª®â®à®¥ ¬®¦¥â ¡ëâì ®âà¥¬®−â¨à®¢�−®
−� ®¡ê¥ªâ¥ ¯ãâ¥¬ §�¬¥−ë ®âª�§�¢è¨å ª®¬¯«¥ªâãîé¨å ¨§ ‡ˆ� âà¥âì¥© £àã¯¯ë,
−�¯à¨¬¥à á¨áâ¥¬−ë© ¡«®ª �‚Œ) ¨á¯®«ì§ã¥âáï ®âà¥¬®−â¨à®¢�−−®¥ ®¡®àã¤®¢�−¨¥,
¨ ¯®íâ®¬ã ¯à¨−ïâ� áâà�â¥£¨ï −¥¯à¥àë¢−®£® ¯®¯®«−¥−¨ï á ç¨á«®¢ë¬ ¯�à�¬¥âà®¬
¯®¯®«−¥−¨ï Tnp = 1440 ç (2 ¬¥á.), � ¤«ï ®¡®àã¤®¢�−¨ï 3-© £àã¯¯ë ¨ ®áâ�¢è¥£®áï
®¡®àã¤®¢�−¨ï 2-© £àã¯¯ë | ¯¥à¨®¤¨ç¥áª�ï áâà�â¥£¨ï ¯®¯®«−¥−¨ï á ¯�à�¬¥âà®¬
Ti,1 = 8760 ç.
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’�¡«¨æ� 2 ˆáå®¤−ë¥ ¤�−−ë¥ ¨ à¥§ã«ìâ�âë à�áç¥â®¢ ¯à¨ ¯¥à¢®¬ ¢�à¨�−â¥ ª®¬¯«¥ªâ®-
¢�−¨ï ‡ˆ� (TÐÐ = 8760 ç)

i �¡®§−�ç¥−¨¥
mi,
èâ.

λÚi,
1/ç

nio,
èâ. aio Rio(nio, aio)

1 2 3 4 5 6 7
1 3-1 6 0,000071 10 3,73176 0,00098899
2 3-2 6 0,000056 7 2,94336 0,00579369
3 3-3 6 0,000056 7 2,94336 0,00579369
4 3-4 6 0,00005 7 2,628 0,00320029
5 3-5 6 0,0001 12 5,256 0,00170599
6 3-6 6 0,00005 7 2,628 0,00320029
7 3-7 6 0,000033 6 1,73448 0,0012477
8 3-8 15 0,000056 15 7,3584 0,00203253
9 3-9 15 0,000056 15 7,3584 0,00203253

10 3-10 15 0,000056 15 7,3584 0,00203253
11 3-11 15 0,0001 23 13,14 0,00213117
12 3-12 15 0,00005 14 6,57 0,00175696
13 3-13 15 0,00005 14 6,57 0,00175696
14 3-14 15 0,000083 20 10,9062 0,00208838
15 2-2 15 0,00004 12 5,256 0,00170599
16 2-3 15 0,000056 15 7,3584 0,00203253
17 2-4 15 0,000056 15 7,3584 0,00203253
18 2-5 15 0,000083 20 10,9062 0,00208838

No
∑

io=1

Rio(nio, aio) 0,04362113

ˆáå®¤−ë¥ ¤�−−ë¥ ¨ à¥§ã«ìâ�âë à�áç¥â� ª®¬¯«¥ªâ� ‡ˆ� ¯à¨ ¢â®à®¬ ¢�à¨�−â¥
¥£® ä®à¬¨à®¢�−¨ï ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 3 (ª®«®−ª¨ 1{5).

÷¥§ã«ìâ�âë ¢ëç¨á«¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ ¢ëà�¦¥−¨ï (5) ¯à¥¤áâ�¢«¥−ë ¢ ª®-
«®−ª¥ 6 | ¤«ï ®¡®àã¤®¢�−¨ï ¯¥à¢®© £àã¯¯ë (á¥à¢¥à ¨ �÷Œ) ¢ áâà®ª�å 1{2,
¤«ï ®¡®àã¤®¢�−¨ï ¢â®à®© £àã¯¯ë (á¨áâ¥¬−ë© ¡«®ª �‚Œ) | áâà®ª� 1. „«ï
®¡®àã¤®¢�−¨ï 3-© £àã¯¯ë à¥§ã«ìâ�âë à�áç¥â®¢ â�ª¨¥ ¦¥, ª�ª ¨ ¢ â�¡«. 2.

÷¥§ã«ìâ¨àãîé¥¥ §−�ç¥−¨¥ ¯à®¬¥¦ãâ®ç−®£® ¯®ª�§�â¥«ï Rio(nio, aio) ¯à¥¤-
áâ�¢«¥−® ¢ −¨¦−¥© áâà®ª¥ â�¡«. 3. �®¤áâ�¢«ïï íâ® §−�ç¥−¨¥ ¢ ¢ëà�¦¥−¨¥ (3),
¯®«ãç¨¬ §−�ç¥−¨¥ �„ ª®¬¯«¥ªâ� ‡ˆ� KÇ.ÚÉÐ-o = 0,9499.

ˆ§ â�¡«. 3 á«¥¤ã¥â, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï §�¤�−−ëå ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨
äã−ªæ¨®−¨à®¢�−¨ï 6 á¥à¢¥à®¢ ¨ 15 �÷Œ ¯®âà¥¡ã¥âáï ¨¬¥âì ¢ á®áâ�¢¥ ‡ˆ�
®¡ê¥ªâ� 2 á¥à¢¥à�, 6 �÷Œ ¨ 5 á¨áâ¥¬−ëå ¡«®ª®¢ �‚Œ. �à¨ íâ®¬ −� ¯®àï¤®ª
á®ªà�é�¥âáï ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï −¥¨á¯à�¢−®£® ®¡®àã¤®¢�−¨ï.

�à¨ à�áç¥â�å ¬¨−¨¬¨§�æ¨ï §�âà�â −� á®§¤�−¨¥ ª®¬¯«¥ªâ� ‡ˆ� ®¡¥á¯¥ç¨¢�-
«�áì ¢ª«îç¥−¨¥¬ ¢ á®áâ�¢ ‡ˆ� ¬¨−¨¬�«ì−®£® ª®«¨ç¥áâ¢� §�¯�á®¢ ª�¦¤®£® â¨¯�,
¯à¨ ª®â®àëå ®¡¥á¯¥ç¨¢�¥âáï §�¤�−−ë© ãà®¢¥−ì �„.
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�á®¡¥−−®áâ¨ ä®à¬¨à®¢�−¨ï −®¬¥−ª«�âãàë ¨ ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

’�¡«¨æ� 3 ˆáå®¤−ë¥ ¤�−−ë¥ ¨ à¥§ã«ìâ�âë à�áç¥â®¢ ¯à¨ ¢â®à®¬ ¢�à¨�−â¥ ª®¬¯«¥ªâ®-
¢�−¨ï ‡ˆ�

�¡®àã-
¤®¢�−¨¥ i

�¡®§−�-
ç¥−¨¥

mi,
èâ.

λÚi,
1/ç

Ti,
ç

ni,
èâ. aio Rio(nio, aio)

0 1 2 3 4 5 6 7 8
�¥à¢®© 1 1-1 6 0,000033 1440 2 0,28512 0,0029096
£àã¯¯ë 2 1-2 15 0,000083 1440 6 1,7928 0,0019695

1 2-1 15 0,000067 1440 5 1,4472 0,00300821
‚â®à®© 2 2-2 15 0,000040 8760 12 5,256 0,00170599
£àã¯¯ë 3 2-3 15 0,000056 8760 15 7,3584 0,00203253

4 2-4 15 0,000056 8760 15 7,3584 0,00203253
5 2-5 15 0,000083 8760 20 10,9062 0,00208838
1 3-1 6 0,000071 8760 10 3,73176 0,00098899
2 3-2 6 0,000056 8760 7 2,94336 0,00579369
3 3-3 6 0,000056 8760 7 2,94336 0,00579369
4 3-4 6 0,00005 8760 7 2,628 0,00320029
5 3-5 6 0,0001 8760 12 5,256 0,00170599

’à¥âì¥© 6 3-6 6 0,00005 8760 7 2,628 0,00320029
£àã¯¯ë 7 3-7 6 0,000033 8760 6 1,73448 0,0012477

8 3-8 15 0,000056 8760 15 7,3584 0,00203253
9 3-9 15 0,000056 8760 15 7,3584 0,00203253

10 3-10 15 0,000056 8760 15 7,3584 0,00203253
11 3-11 15 0,0001 8760 23 13,14 0,00213117
12 3-12 15 0,00005 8760 14 6,57 0,00175696
13 3-13 15 0,00005 8760 14 6,57 0,00175696
14 3-14 15 0,000083 8760 20 10,9062 0,00208838

No
∑

io=1

Rio(nio, aio) 0,05150844

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«®¦¥−−�ï ¨¥à�àå¨ç¥áª�ï á¨áâ¥¬� ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ�
á ãç¥â®¬ ®á®¡¥−−®áâ¥© �ˆ‘ ‡ˆ §� áç¥â à�æ¨®−�«ì−®£® ¯®¤å®¤� ª ä®à¬¨à®¢�−¨î
−®¬¥−ª«�âãàë ª®¬¯®−¥−â®¢ ‡ˆ� ¯®§¢®«ï¥â á®ªà�â¨âì ¢ 8{12 à�§ ¢à¥¬ï, ®¡ã-
á«®¢«¥−−®¥ ®à£�−¨§�æ¨®−−ë¬¨ ¯à®áâ®ï¬¨ ¢ ¯à®æ¥áá¥ ®à£�−¨§�æ¨¨ ¨ ¯à®¢¥¤¥−¨ï
à¥¬®−â� ’‘ ¢ á®áâ�¢¥ �ˆ‘ ‡ˆ. �â®â ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î −®¬¥−ª«�âãàë
‡ˆ� �¯à®¡¨à®¢�− ¢ å®¤¥ ¢ë¯®«−¥−¨ï à�¡®â ¯® ®¡¥á¯¥ç¥−¨î äã−ªæ¨®−¨à®¢�−¨ï ¨
¯®¤¤¥à¦�−¨ï à�¡®â®á¯®á®¡−®áâ¨ ¢¥¤®¬áâ¢¥−−®© �ˆ‘ ‡ˆ. ‚ ¤�«ì−¥©è¥¬ ¢ à�§-
¢¨â¨¥ ¨¥à�àå¨ç¥áª®© á¨áâ¥¬ë ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ� �ˆ‘ ‡ˆ æ¥«¥á®®¡à�§−®
¯à®¢¥áâ¨ ¥¥ â¥å−¨ª®-íª®−®¬¨ç¥áªãî ®æ¥−ªã.
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THE PECULIARITIES OF NOMENCLATURE AND SPARE
COMPONENTS QUANTITY COMPOSITION FOR SECURED

AUTOMATED INFORMATION SYSTEMS

A. A. Zatsarinniy, S. V. Kozlov, and A. I. Garanin

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: Organizational and methodological problems of providing reliability
for automation means complexes of secured automated information systems based
on analysis, generalization, and evaluation of experience of supervisions on their
operations are considered. The article shows some factors which determine
lead-up and operational time of maintenance and repairs concerning electronic
components. The suggestions regarding the structure of the spare parts list and
the components quantity and their utilizations during repair work organization as
like as four-level hierarchical structure are justified by the authors. Calculations
of stock necessity of spare parts at the object are presented. Finally, there is an
example of real calculations regarding quantity of necessary spare parts stock to
achieve conditions of reliability.

Keywords: Secured Automated Information System; reliability; hardware
failures; hierarchical principles; spare parts list; system recovery; sufficiency of
spare parts parameter
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ОСОБЕННОСТИ РАЗРАБОТКИ ДОКУМЕНТАЦИИ
ДЛЯ АВТОМАТИЗИРОВАННЫХ ИНФОРМАЦИОННЫХ

СИСТЕМ В ЗАЩИЩЕННОМ ИСПОЛНЕНИИ

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨ ¤«ï �¢â®-
¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (�ˆ‘) ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨
á ãç¥â®¬ âà¥¡®¢�−¨© áãé¥áâ¢ãîé¥© −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë, � â�ª¦¥
®¯ëâ� ¢−¥¤à¥−¨ï àï¤� á¨áâ¥¬ −� ®¡ê¥ªâ�å §�ª�§ç¨ª�. �¯à¥¤¥«¥−ë ®á−®¢−ë¥
á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¨ ®à£�−¨§�æ¨®−−ë¥ ¯à®¡«¥¬ë, ¢®§−¨ª�îé¨¥ ¯à¨ ®¯à¥-
¤¥«¥−¨¨ á®áâ�¢� ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘. �à¥¤«®¦¥− á¨áâ¥¬−ë© ¯®¤å®¤ ª
¯à¥¤áâ�¢«¥−¨î á®áâ�¢� ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘, ï¢«ïîé¥£®áï ¤®áâ�â®ç−ë¬
¤«ï ¯à®¥ªâ¨à®¢�−¨ï, à�§¢¥àâë¢�−¨ï �ˆ‘, � â�ª¦¥ ®¡¥á¯¥ç¥−¨ï ¥¥ íªá¯«ã�â�-
æ¨¨ á âà¥¡ã¥¬ë¬ ª�ç¥áâ¢®¬. �¯à¥¤¥«¥−ë ®á®¡¥−−®áâ¨ ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬
¨á¯®«−¥−¨¨. �à¥¤«®¦¥− ª®−ªà¥â−ë© ¯¥à¥ç¥−ì à�¡®ç¥© ¤®ªã¬¥−â�æ¨¨, à�§-
à�¡�âë¢�¥¬ë© ¯à¨ á®§¤�−¨¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬. �®ª�§�−®, çâ®
¯à¥¤«�£�¥¬ë¥ ¯®¤å®¤ë ¤®áâ�â®ç−® íää¥ªâ¨¢−ë ¯à¨ ®á¢®¥−¨¨ ¤®ªã¬¥−â�æ¨¨
®¡á«ã¦¨¢�îé¨¬ ¯¥àá®−�«®¬. ˆ§«�£�¥¬ë¥ ¢ áâ�âì¥ à¥§ã«ìâ�âë ãá¯¥è−® �¯à®-
¡¨à®¢�−ë −� ¯à�ªâ¨ª¥ á®§¤�−¨ï ¨ ¢−¥¤à¥−¨ï −¥áª®«ìª¨å �ˆ‘.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; à�¡®ç�ï,
ª®−áâàãªâ®àáª�ï, íªá¯«ã�â�æ¨®−−�ï ¤®ªã¬¥−â�æ¨ï

DOI: 10.14357/08696527140311

1 Введение

‘®¢à¥¬¥−−ë¥ �ˆ‘ ¯à¥¤áâ�¢«ïîâ á®¡®© ¢§�¨¬®ã¢ï§�−−ãî (á®£«�á®¢�−−ãî)
á®¢®ªã¯−®áâì âà¥å á®áâ�¢«ïîé¨å [1{3]:

(1) á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© (âà¥¡®¢�−¨ï, á®áâ�¢, ä¨§¨ç¥áª�ï ¨ «®£¨ç¥áª�ï
áâàãªâãà�, ¯à®ä¨«ì ¯à®â®ª®«®¢ ¨ ¯à.);

(2) â¥å−®«®£¨© ¨ á¯¥æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, à¥�«¨§ãîé¨å äã−ª-
æ¨®−�«ì−ë¥ §�¤�ç¨ �ˆ‘;

(3) ª®¬¯«¥ªá®¢ â¥å−¨ç¥áª¨å áà¥¤áâ¢ (Š’‘), ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ á®§¤�−¨¥
®¡ê¥ªâ®¢ëå ª®¬¯«¥ªá®¢ á¨áâ¥¬ë.
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�á®¡¥−−®áâ¨ à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨

‚á¥ âà¨ ãª�§�−−ë¥ á®áâ�¢«ïîé¨¥ ¢ å®¤¥ á®§¤�−¨ï �ˆ‘ ®¯¨áë¢�îâáï ¢ ¯à®-
¥ªâ−®© ¨ à�¡®ç¥© (à�¡®ç¥© ª®−áâàãªâ®àáª®©) ¤®ªã¬¥−â�æ¨¨. �â −®¬¥−ª«�âãàë
¨ ª�ç¥áâ¢� ¤®ªã¬¥−â�æ¨¨ §�¢¨áïâ áà®ª¨ ¨ ª�ç¥áâ¢® ¢ë¯®«−¥−¨ï à�¡®â ¯® á®-
§¤�−¨î á¨áâ¥¬ë, � â�ª¦¥ ¢®§¬®¦−®áâ¨ ®á¢®¥−¨ï ¨ ¤�«ì−¥©è¥© íªá¯«ã�â�æ¨¨
á¨áâ¥¬ë ¯®«ì§®¢�â¥«ï¬¨ ¨ ®¡á«ã¦¨¢�îé¨¬ ¯¥àá®−�«®¬. „®ªã¬¥−â�æ¨ï ¤®«¦−�
¯®«−®áâìî ®âà�¦�âì â¥å−¨ç¥áª¨¥ à¥è¥−¨ï, à¥�«¨§®¢�−−ë¥ ¢ á®§¤�−−®© á¨áâ¥¬¥
¨ ¥¥ ª®¬¯«¥ªá�å, ®¡«�¤�âì ¤®áâ�â®ç−®© ¯à®áâ®â®© ¤«ï −¥§�¢¨á¨¬®£® ®â ¨§£®-
â®¢¨â¥«ï ®á¢®¥−¨ï á¨áâ¥¬ë ®¡á«ã¦¨¢�îé¨¬ ¯¥àá®−�«®¬. �á®¡ãî §−�ç¨¬®áâì
¯à¨®¡à¥â�¥â ª�ç¥áâ¢® ¤®ªã¬¥−â�æ¨¨ ¯à¨ á®§¤�−¨¨ á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«-
−¥−¨¨. ‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢ á¢ï§¨ á á®ªà�é¥−¨¥¬ ¢à¥¬¥−¨ −� à�§à�¡®âªã á¨áâ¥¬
¨ ª®¬¯«¥ªá®¢ ª�ç¥áâ¢® à�§à�¡�âë¢�¥¬®© ¤®ªã¬¥−â�æ¨¨ á−¨¦�¥âáï.

–¥«ìî ¤�−−®© áâ�âì¨ ï¢«ï¥âáï à�áá¬®âà¥−¨¥ ¯à®¡«¥¬, ¯®¤å®¤®¢ ¨ ®á®¡¥−−®-
áâ¥© à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ −� ®á−®¢¥
¨¬¥îé¥£®áï ã �¢â®à®¢ ®¯ëâ� à�§à�¡®âª¨ ¯®¤®¡−ëå á¨áâ¥¬.

2 Основные проблемы разработки документации

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®æ¥áá à�§à�¡®âª¨ �ˆ‘ ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥
á«¥¤ãîé¨å ¤®ªã¬¥−â®¢:

{ ƒ�‘’ ÷‚ ª«�áá� 15.ååå | ú‘¨áâ¥¬� à�§à�¡®âª¨ ¨ ¯®áâ�−®¢ª¨ ¯à®¤ãªæ¨¨
−� ¯à®¨§¢®¤áâ¢®. ‚®¥−−�ï â¥å−¨ª�û;

{ ƒ�‘’ ª«�áá� 34 | úˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï. Š®¬¯«¥ªá áâ�−¤�àâ®¢ −�
�¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ëû.
�à¨ á®§¤�−¨¨ �ˆ‘ ¯® ƒ�‘’ã ÷‚ ª«�áá� 15.ååå à�¡®ç�ï ª®−áâàãªâ®à-

áª�ï ¤®ªã¬¥−â�æ¨ï à�§à�¡�âë¢�¥âáï −� ®á−®¢¥ áâ�−¤�àâ®¢ ¥¤¨−®© á¨áâ¥¬ë ª®−-
áâàãªâ®àáª®© ¤®ªã¬¥−â�æ¨¨ (…‘Š„) | ƒ�‘’ ª«�áá� 2.ååå ¨ ¥¤¨−®© á¨áâ¥¬ë
¯à®£à�¬¬−®© ¤®ªã¬¥−â�æ¨¨ (…‘�„) | ƒ�‘’ ª«�áá� 19.ååå.

�®¬¥−ª«�âãà� ª®−áâàãªâ®àáª¨å ¤®ªã¬¥−â®¢ ¯à¨ íâ®¬ ®¯à¥¤¥«ïîâáï ƒ�‘’®¬
2.102-68 | ú‚¨¤ë ¨ ª®¬¯«¥ªâ−®áâì ª®−áâàãªâ®àáª¨å ¤®ªã¬¥−â®¢û [4].

‚¨¤ë, ª®¬¯«¥ªâ−®áâì ¨ ¯à�¢¨«� ¢ë¯®«−¥−¨ï íªá¯«ã�â�æ¨®−−ëå ¤®ªã¬¥−â®¢
®¯à¥¤¥«ïîâáï ƒ�‘’®¬ 2.601-95 | ú�ªá¯«ã�â�æ¨®−−ë¥ ¤®ªã¬¥−âëû [5].

Š®−áâàãªâ®àáª¨¥ ¨ íªá¯«ã�â�æ¨®−−ë¥ ¤®ªã¬¥−âë ®ä®à¬«ïîâáï ¢ á®®â¢¥â-
áâ¢¨¨ á ƒ�‘’®¬ 2.105-95 | ú�¡é¨¥ âà¥¡®¢�−¨ï ª â¥ªáâ®¢ë¬ ¤®ªã¬¥−â�¬û [6].

�®¬¥−ª«�âãà� ¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢ ®¯à¥¤¥«ï¥âáï ƒ�‘’®¬ 19.101-77 |
ú‚¨¤ë ¯à®£à�¬¬ ¨ ¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢û [7]. ’à¥¡®¢�−¨ï ª á®¤¥à¦�-
−¨î ¨ ®ä®à¬«¥−¨î ª®−ªà¥â−ëå ¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢ ®¯à¥¤¥«ïîâáï àï¤®¬
ƒ�‘’®¢ ª«�áá� 19.

�à¨ á®§¤�−¨¨ �ˆ‘ ¯® ƒ�‘’ ª«�áá� 34 à�¡®ç�ï ¤®ªã¬¥−â�æ¨ï −�àï¤ã
á ¨á¯®«ì§®¢�−¨¥¬ áâ�−¤�àâ®¢ …‘Š„ ¨ …‘�„ à�§à�¡�âë¢�¥âáï á ¯à¨¬¥−¥−¨¥¬
àï¤� ¤®ªã¬¥−â®¢ ¨§ á¥à¨¨ áâ�−¤�àâ®¢ ª«�áá� 34, â�ª¨å ª�ª:

{ ƒ�‘’ 34.201-89 | ú‚¨¤ë, ª®¬¯«¥ªâ−®áâì ¨ ®¡®§−�ç¥−¨¥ ¤®ªã¬¥−â®¢ ¯à¨
á®§¤�−¨¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬û [8];
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{ ÷„ 50-34.698-90 | ú�¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. ’à¥¡®¢�−¨ï ª á®¤¥à¦�-
−¨î ¤®ªã¬¥−â®¢û [9].

ƒ�‘’ 34.201-89 ®¯à¥¤¥«ï¥â −®¬¥−ª«�âãàã ¨ ®¡®§−�ç¥−¨¥ ¤®ªã¬¥−â�æ¨¨,
à�§à�¡�âë¢�¥¬®© −� à�§«¨ç−ëå áâ�¤¨ïå à�¡®âë, ¯à¨ íâ®¬ −�¨¬¥−®¢�−¨¥ ¨ ®¡®-
§−�ç¥−¨¥ àï¤� ¤®ªã¬¥−â®¢ ®â«¨ç�îâáï ®â ¯à¨−ïâëå ¢ …‘Š„. ÷„ 50-34.698-90
®¯à¥¤¥«ï¥â á®¤¥à¦�−¨¥ ¢á¥å ¤®ªã¬¥−â®¢. �à®£à�¬¬−�ï ¤®ªã¬¥−â�æ¨ï à�§à�¡�-
âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ …‘�„.

�à¨ á®§¤�−¨¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ −�àï¤ã
á ƒ�‘’®¬ ª«�áá� 34 ¯à¨¬¥−ï¥âáï ƒ�‘’ ÷ 51583-2000 | ú‡�é¨â� ¨−ä®à¬�-
æ¨¨. �®àï¤®ª á®§¤�−¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨.
�¡é¨¥ ¯®«®¦¥−¨ïû [10], ¢ ª®â®à®¬ à�áªàë¢�¥âáï â¨¯®¢®¥ á®¤¥à¦�−¨¥ à�¡®â ¯®
§�é¨â¥ ¨−ä®à¬�æ¨¨ ¯à¨¬¥−¨â¥«ì−® ª® ¢á¥¬ áâ�¤¨ï¬ ¨ íâ�¯�¬ à�§à�¡®âª¨ �ˆ‘,
¯à¥¤ãá¬®âà¥−−ë¬ ƒ�‘’®¬ ª«�áá� 34.

’�ª¨¬ ®¡à�§®¬, ¨¬¥îé¨¥áï −®à¬�â¨¢−ë¥ ¤®ªã¬¥−âë ¤®áâ�â®ç−® ¯®«−® ®¯à¥-
¤¥«ïîâ −®¬¥−ª«�âãàã, á®¤¥à¦�−¨¥ ¨ ¯®àï¤®ª à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨.

‚¬¥áâ¥ á â¥¬ ®¯ëâ ¯à®¥ªâ¨à®¢�−¨ï �ˆ‘ ¯®ª�§ë¢�¥â, çâ® ¢ ¯«�−¥ ¤®ªã¬¥−â¨-
à®¢�−¨ï ¨å à�§à�¡®âª¨ ¨¬¥îâáï á«¥¤ãîé¨¥ ¯à®¡«¥¬ë:

{ ¯à�ªâ¨ç¥áª®¥ ®âáãâáâ¢¨¥ ¯à®¥ªâ−®© ¨ à�¡®ç¥© ¤®ªã¬¥−â�æ¨¨ (¨¬¥¥âáï «¨èì
¤®ªã¬¥−â�æ¨ï, ¢å®¤ïé�ï ¢ á®áâ�¢ ¯®ªã¯−ëå �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå
áà¥¤áâ¢);

{ −¥¤®áâ�â®ç−®áâì ¤®ªã¬¥−â�æ¨¨ ª�ª ¯® −®¬¥−ª«�âãà¥, â�ª ¨ ¯® ¯®«−®â¥ ®¯¨-
á�−¨ï, çâ® §�âàã¤−ï¥â ®á¢®¥−¨¥ á¨áâ¥¬ë ¨ ¥¥ íªá¯«ã�â�æ¨î ®¡á«ã¦¨¢�îé¨¬
¯¥àá®−�«®¬;

{ −¥á¡�«�−á¨à®¢�−−®áâì ¤®ªã¬¥−â�æ¨¨, ¢ª«îç�ï −¥¤®áâ�â®ç−®áâì ®¯¨á�−¨ï ®â-
¤¥«ì−ëå ¯®¤á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢, ¢ â®¬ ç¨á«¥ ¯®¤á¨áâ¥¬ë §�é¨âë ¨−ä®à¬�-
æ¨¨.

Šà®¬¥ â®£®, ¯®«−�ï −®¬¥−ª«�âãà� ¤®ªã¬¥−â�æ¨¨, ¯à¨¢¥¤¥−−�ï ¢ ãª�§�−−ëå
¢ëè¥ ƒ�‘’�å, à�§à�¡�âë¢�¥âáï ªà�©−¥ à¥¤ª®, â�ª ª�ª àï¤ ¤®ªã¬¥−â®¢ −�
¯à�ªâ¨ª¥ ®ª�§ë¢�¥âáï −¥¢®áâà¥¡®¢�−−ë¬.

’�ª¨¬ ®¡à�§®¬, ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á¨áâ¥¬ ®á−®¢−ë¬¨ ¯à®¡«¥¬−ë¬¨ ¢®¯à®-
á�¬¨ ï¢«ïîâáï:

{ ®¯à¥¤¥«¥−¨¥ á®¢¬¥áâ−® á §�ª�§ç¨ª®¬ âà¥¡®¢�−¨© ª á¨áâ¥¬¥ ¢ á®®â¢¥âáâ¢¨¨
á −®à¬�â¨¢−ë¬¨ ¤®ªã¬¥−â�¬¨;

{ ®¯à¥¤¥«¥−¨¥ ¯¥à¥ç−ï ¤®ªã¬¥−â�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á® á¯¥æ¨ä¨ª®© á¨áâ¥¬ë;
{ �¯à®¡�æ¨ï à�§à�¡®â�−−®© ¤®ªã¬¥−â�æ¨¨ −� íâ�¯�å ¯à¥¤¢�à¨â¥«ì−ëå ¨á¯ëâ�-

−¨© ¨ ®¯ëâ−®© íªá¯«ã�â�æ¨¨.

3 Основные подходы к разработке документации

‚ å®¤¥ á®§¤�−¨ï �ˆ‘ à�§à�¡�âë¢�¥âáï ¯à®¥ªâ−�ï ¨ à�¡®ç�ï (à�¡®ç�ï ª®−-
áâàãªâ®àáª�ï) ¤®ªã¬¥−â�æ¨ï. �à®¥ªâ−�ï ¤®ªã¬¥−â�æ¨ï à�§à�¡�âë¢�¥âáï −� íâ�-
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�á®¡¥−−®áâ¨ à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨

¯�å íáª¨§−®£® ¨ â¥å−¨ç¥áª®£® ¯à®¥ªâ� ¨ ®¯¨áë¢�¥â ¯à®¥ªâ−ë¥ à¥è¥−¨ï ¯® á¨áâ¥¬¥
¨ ¥¥ á®áâ�¢−ë¬ ç�áâï¬, ¢ª«îç�ï à¥è¥−¨ï ¯® Š’‘, ¨−ä®à¬�æ¨®−−®¬ã, «¨−£¢¨áâ¨-
ç¥áª®¬ã ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î, ®à£�−¨§�æ¨®−−®© áâàãªâãà¥ ¨ â. ¯. ÷�¡®ç�ï
(à�¡®ç�ï ª®−áâàãªâ®àáª�ï) ¤®ªã¬¥−â�æ¨ï à�§à�¡�âë¢�¥âáï −� íâ�¯¥ ú÷�¡®ç�ï
¤®ªã¬¥−â�æ¨ïû ¨ ¢ª«îç�¥â ¢ á¥¡ï ª®−áâàãªâ®àáªãî ¨ íªá¯«ã�â�æ¨®−−ãî ¤®ªã-
¬¥−â�æ¨î, ¯®§¢®«ïîéãî á®§¤�âì ¨ íªá¯«ã�â¨à®¢�âì �ˆ‘.

Œ−®£®«¥â−¨© ®¯ëâ à�§à�¡®âª¨ �ˆ‘ à�§«¨ç−®£® −�§−�ç¥−¨ï ¢ §�é¨é¥−−®¬
¨á¯®«−¥−¨¨ ¯®ª�§ë¢�¥â, çâ® −�¨¡®«¥¥ æ¥«¥á®®¡à�§−® ¢ë¤¥«ïâì á«¥¤ãîé¨¥ £àã¯¯ë
à�¡®ç¥© (à�¡®ç¥© ª®−áâàãªâ®àáª®©) ¤®ªã¬¥−â�æ¨¨:

{ ®¡é¥á¨áâ¥¬−�ï ¤®ªã¬¥−â�æ¨ï;

{ ¤®ªã¬¥−â�æ¨ï −� ª®¬¯«¥ªáë ¨ ®â¤¥«ì−ë¥ �¯¯�à�â−®-¯à®£à�¬¬−ë¥ áà¥¤áâ¢�;

{ ¤®ªã¬¥−â�æ¨ï −� ª®¬¯«¥ªá áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨;

{ ¯à®£à�¬¬−�ï ¤®ªã¬¥−â�æ¨ï;

{ ¯à®¥ªâ−®-á¬¥â−�ï ¤®ªã¬¥−â�æ¨ï.

’�ª�ï áâàãªâãà¨§�æ¨ï ¢á¥£® ª®¬¯«¥ªâ� ¤®ªã¬¥−â�æ¨¨ ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì
á¨áâ¥¬−®¥ ¯à¥¤áâ�¢«¥−¨¥ à�§à�¡�âë¢�¥¬®£® ¨§¤¥«¨ï á ¥£® ¤¥ª®¬¯®§¨æ¨¥© −�
á®áâ�¢−ë¥ ç�áâ¨, � â�ª¦¥ −�¨¡®«¥¥ ã¤®¡−®¥ ¨á¯®«ì§®¢�−¨¥ ¤®ªã¬¥−â�æ¨¨ ¯®«ì§®-
¢�â¥«ï¬¨ ¨ ®¡á«ã¦¨¢�îé¨¬ ¯¥àá®−�«®¬.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¢á¥ ãª�§�−−ë¥ ¢ëè¥ £àã¯¯ë ¤®ªã¬¥−â�æ¨¨ à�§à�-
¡�âë¢�îâáï ¯à¨¬¥−¨â¥«ì−® ª ª®−ªà¥â−ë¬ ª®¬¯«¥ªá�¬. „«ï ªàã¯−ëå ¦¥ �ˆ‘,
¢ª«îç�îé¨å àï¤ ª®¬¯«¥ªá®¢, à�§à�¡�âë¢�îâáï «¨èì ®¡é¥á¨áâ¥¬−�ï ¤®ªã¬¥−â�-
æ¨ï, ¢ª«îç�ï à¥è¥−¨ï ¯® ¯®¤á¨áâ¥¬¥ §�é¨âë ¨−ä®à¬�æ¨¨ (¬®¤¥«ì −�àãè¨â¥«ï,
¬®¤¥«ì ã£à®§, ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨) ¨ ¯à®£à�¬¬−�ï ¤®ªã¬¥−â�æ¨ï, ª®â®àë¥
á®¤¥à¦�â ®¡é¨¥ à¥è¥−¨ï ¯® ¯®áâà®¥−¨î á¨áâ¥¬ë ¨ ®¯¨áë¢�îâ ¥¥ ®á−®¢−ë¥
äã−ªæ¨¨.

�¡é¥á¨áâ¥¬−�ï ¤®ªã¬¥−â�æ¨ï á®¤¥à¦¨â −�§−�ç¥−¨¥ á¨áâ¥¬ë (ª®¬¯«¥ªá�), ¥¥
äã−ªæ¨¨, ®¯¨á�−¨¥ ¥¥ í«¥¬¥−â®¢ ¨ ¢§�¨¬®á¢ï§¥© á ¤àã£¨¬¨ á¨áâ¥¬�¬¨ (ª®¬¯«¥ª-
á�¬¨). ‚ á®áâ�¢ ®¡é¥á¨áâ¥¬−®© ¤®ªã¬¥−â�æ¨¨ ¢å®¤ïâ ®¡é¥¥ ®¯¨á�−¨¥ á¨áâ¥¬ë,
áå¥¬� ¤¥«¥−¨ï, ¯à®£à�¬¬� ¨ ¬¥â®¤¨ª� ¨á¯ëâ�−¨© á¨áâ¥¬ë.

�¡é¥¥ ®¯¨á�−¨¥ á¨áâ¥¬ë á®¤¥à¦¨â −�§−�ç¥−¨¥ á¨áâ¥¬ë, ¥¥ ®¯¨á�−¨¥, ®¯¨á�-
−¨¥ ¢§�¨¬®á¢ï§¥© á ¤àã£¨¬¨ �¢â®¬�â¨§¨à®¢�−−ë¬¨ á¨áâ¥¬�¬¨ ¨ ¯à¨ −¥®¡å®¤¨-
¬®áâ¨ | ®¯¨á�−¨¥ ¯®¤á¨áâ¥¬.

‘å¥¬� ¤¥«¥−¨ï ®¯à¥¤¥«ï¥â á®áâ�¢ ¨§¤¥«¨ï, ¢å®¤¨¬®áâì á®áâ�¢−ëå ç�áâ¥©, ¨å
−�§−�ç¥−¨¥ ¨ ¢§�¨¬®á¢ï§ì. “à®¢¥−ì ¤¥«¥−¨ï (à�áªàëâ¨ï) ¨§¤¥«¨ï −� á®áâ�¢−ë¥
ç�áâ¨ §�¢¨á¨â ®â á«®¦−®áâ¨ ¨ á¯¥æ¨ä¨ª¨ ¨§¤¥«¨ï ¨ ãáâ�−�¢«¨¢�¥âáï à�§à�¡®â-
ç¨ª®¬ ¯® á®£«�á®¢�−¨î á §�ª�§ç¨ª®¬. ‘å¥¬� ¤¥«¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’®¬
¨¬¥¥â áâ�âãá ®¡ï§�â¥«ì−®£® ª®−áâàãªâ®àáª®£® ¤®ªã¬¥−â�.

�à®£à�¬¬� ¨ ¬¥â®¤¨ª� ¨á¯ëâ�−¨© ¯à¥¤áâ�¢«ïîâ á®¡®© ®à£�−¨§�æ¨®−−®-¬¥-
â®¤¨ç¥áª¨© ¤®ªã¬¥−â, ãáâ�−�¢«¨¢�îé¨© ®¡ê¥ªâ, æ¥«¨, ¬¥áâ® ¨ áà®ª¨ ¨á¯ëâ�−¨©,
¢¨¤ë, ¯®á«¥¤®¢�â¥«ì−®áâì ¨ ®¡ê¥¬ ¯à®¢®¤¨¬ëå ¯à®¢¥à®ª, � â�ª¦¥ ¯®¤à®¡−®¥
®¯¨á�−¨¥ ¯à�ªâ¨ç¥áª¨å ¤¥©áâ¢¨©, ¨á¯®«ì§ã¥¬ëå ¯à¨ ¯à®¢¥¤¥−¨¨ ¨á¯ëâ�−¨©.
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�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢

�à¨ à�§à�¡®âª¥ �ˆ‘ ¯® ƒ�‘’ã ÷‚ ª«�áá� 15.ååå ¯à®£à�¬¬� ¨ ¬¥â®¤¨ª�
¨á¯ëâ�−¨© ®ä®à¬«ïîâáï ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’®¬ ÷‚ 15.211-2002 [11], �
¯à¨ ¨á¯®«ì§®¢�−¨¨ ƒ�‘’� ª«�áá� 34 ®ä®à¬«¥−¨¥ ¤®ªã¬¥−â� ¯à®¨§¢®¤¨âáï ¢
á®®â¢¥âáâ¢¨¨ á ÷„ 50-34.698-90.

„®ªã¬¥−â�æ¨ï −� ª®¬¯«¥ªáë ¨ ®â¤¥«ì−ë¥ �¯¯�à�â−®-¯à®£à�¬¬−ë¥ áà¥¤áâ¢�
¢ª«îç�¥â ¢ á¥¡ï ª®−áâàãªâ®àáª¨¥ ¨ íªá¯«ã�â�æ¨®−−ë¥ ¤®ªã¬¥−âë.

Š ª®−áâàãªâ®àáª¨¬ ¤®ªã¬¥−â�¬ ®â−®áïâ £à�ä¨ç¥áª¨¥ ¨ â¥ªáâ®¢ë¥ ¤®ªã¬¥−âë,
®¯à¥¤¥«ïîé¨¥ á®áâ�¢ ¨ ãáâà®©áâ¢® ¨§¤¥«¨ï ¨ á®¤¥à¦�é¨¥ −¥®¡å®¤¨¬ë¥ ¤�−−ë¥
¤«ï ¥£® à�§à�¡®âª¨, ª®−âà®«ï ¨ ¯à¨¥¬ª¨. ‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ à�§à�¡�âë¢�îâ-
áï á«¥¤ãîé¨¥ ¤®ªã¬¥−âë: á¯¥æ¨ä¨ª�æ¨ï (á¯¥æ¨ä¨ª�æ¨ï ®¡®àã¤®¢�−¨ï); áå¥¬ë
(áâàãªâãà−ë¥, äã−ªæ¨®−�«ì−ë¥, í«¥ªâà¨ç¥áª¨¥ ¨ ¤à.); â�¡«¨æë (á®¥¤¨−¥−¨©,
¯®¤ª«îç¥−¨©); ç¥àâ¥¦ ®¡é¥£® ¢¨¤�.

�ªá¯«ã�â�æ¨®−−ë¥ ¤®ªã¬¥−âë ¯à¥¤−�§−�ç¥−ë ¤«ï íªá¯«ã�â�æ¨¨ ¨§¤¥«¨©,
®§−�ª®¬«¥−¨ï á ¨å ª®−áâàãªæ¨¥©, ¨§ãç¥−¨ï ¯à�¢¨« íªá¯«ã�â�æ¨¨, ®âà�¦¥−¨ï
á¢¥¤¥−¨©, ã¤®áâ®¢¥àïîé¨å £�à�−â¨à®¢�−−ë¥ ¨§£®â®¢¨â¥«¥¬ §−�ç¥−¨ï ®á−®¢−ëå
¯�à�¬¥âà®¢ ¨ á¢®©áâ¢ ¨§¤¥«¨ï, £�à�−â¨© ¨ á¢¥¤¥−¨© ¯® ¥£® íªá¯«ã�â�æ¨¨. �à¥¤-
áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ à�§à�¡�âë¢�âì á«¥¤ãîé¨© ª®¬¯«¥ªâ íªá¯«ã�â�æ¨-
®−−ëå ¤®ªã¬¥−â®¢: àãª®¢®¤áâ¢® ¯® íªá¯«ã�â�æ¨¨ (àãª®¢®¤áâ¢® ¯®«ì§®¢�â¥«ï,
¨−áâàãªæ¨ï ¯® íªá¯«ã�â�æ¨¨ Š’‘); ä®à¬ã«ïà (¯�á¯®àâ), ¢¥¤®¬®áâì ª®¬¯«¥ªâ�
§�¯�á−ëå ç�áâ¥©, ¨−áâàã¬¥−â� ¨ ¯à¨−�¤«¥¦−®áâ¥© (‡ˆ�); ¢¥¤®¬®áâì ¯®âà¥¡−®áâ¨
¢ ¬�â¥à¨�«�å; ¢¥¤®¬®áâì íªá¯«ã�â�æ¨®−−ëå ¤®ªã¬¥−â®¢.

�á−®¢−®¥ á®¤¥à¦�−¨¥ ª®−áâàãªâ®àáª¨å ¨ íªá¯«ã�â�æ¨®−−ëå ¤®ªã¬¥−â®¢ ¯à¨-
¢¥¤¥−® ¢ â�¡«. 1.

“ª�§�−−�ï −®¬¥−ª«�âãà� ¤®ªã¬¥−â®¢ ¨á¯®«ì§ã¥âáï ¯à¨ à�§à�¡®âª¥ ¢ á®áâ�¢¥
�ˆ‘ ®¡ê¥ªâ®¢ëå ª®¬¯«¥ªá®¢, ª®¬¯«¥ªá®¢ á¥à¢¥à−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå,
ª®¬¯«¥ªá®¢ áà¥¤áâ¢ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨, �¢â®¬�â¨§¨à®¢�−−ëå à�¡®ç¨å
¬¥áâ à�§«¨ç−®£® −�§−�ç¥−¨ï. �−� ¢¯®«−¥ ®¡¥á¯¥ç¨¢�¥â ¯®âà¥¡−®áâ¨ à�§à�¡®â-
ç¨ª®¢ ¨§¤¥«¨© ¨ ¯®§¢®«ï¥â ®á¢®¨âì ¨ ¢ ¯®á«¥¤ãîé¥¬ íªá¯«ã�â¨à®¢�âì ¨§¤¥«¨ï
®¡á«ã¦¨¢�îé¥¬ã ¯¥àá®−�«ã.

�à¨ á®§¤�−¨¨ �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ ¢ á®áâ�¢¥ ¨§¤¥«¨ï à�§à�¡�-
âë¢�¥âáï ª®¬¯«¥ªá áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨. „«ï ãª�§�−−®£® ª®¬¯«¥ªá�
¢ æ¥«®¬ à�§à�¡�âë¢�¥âáï â�ª®© ¦¥ ª®¬¯«¥ªâ ª®−áâàãªâ®àáª¨å ¨ íªá¯«ã�â�æ¨-
®−−ëå ¤®ªã¬¥−â®¢, ª�ª ¨ ¤«ï ¤àã£¨å ª®¬¯«¥ªá®¢. Š ®á®¡¥−−®áâï¬ ª®¬¯«¥ªâ�
¤®ªã¬¥−â®¢ −� ª®¬¯«¥ªá áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨ ¬®¦−® ®â−¥áâ¨ à�§à�¡®âªã
â�ª¨å ¤®ªã¬¥−â®¢, ª�ª àãª®¢®¤áâ¢® �¤¬¨−¨áâà�â®à� ¡¥§®¯�á−®áâ¨ ¨ ¨−áâàãªæ¨ï
¯® �−â¨¢¨àãá−®© §�é¨â¥.

‚ å®¤¥ á®§¤�−¨ï �ˆ‘ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ à�§à�¡�âë¢�îâáï ª®¬¯«¥ªáë
á¯¥æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (‘��), à¥�«¨§ãîé¨¥ äã−ªæ¨®−�«ì−ë¥
§�¤�ç¨ á®®â¢¥âáâ¢ãîé¥© á¨áâ¥¬ë. „«ï ª�¦¤®£® ¨§ ª®¬¯«¥ªá®¢ ‘�� à�§à�-
¡�âë¢�¥âáï ¯à®£à�¬¬−�ï ¤®ªã¬¥−â�æ¨ï ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’®¬ ª«�áá� 19.
�®¬¥−ª«�âãà� ¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢ ®¯à¥¤¥«ï¥âáï ƒ�‘’®¬ 19.101-77 [7].
‚ á®áâ�¢ ¯à®£à�¬¬−®© ¤®ªã¬¥−â�æ¨¨ æ¥«¥á®®¡à�§−® ¢ª«îç�âì: á¯¥æ¨ä¨ª�æ¨î;
â¥ªáâ ¯à®£à�¬¬ë; ®¯¨á�−¨¥ ¯à®£à�¬¬ë; ä®à¬ã«ïà; ¢¥¤®¬®áâì íªá¯«ã�â�æ¨®−−ëå
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�á®¡¥−−®áâ¨ à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨

’�¡«¨æ� 1 ‘®¤¥à¦�−¨¥ ª®−áâàãªâ®àáª¨å ¨ íªá¯«ã�â�æ¨®−−ëå ¤®ªã¬¥−â®¢

��¨¬¥−®¢�−¨¥ ‘®¤¥à¦�−¨¥ ¤®ªã¬¥−â�
¤®ªã¬¥−â� …‘Š„ ƒ�‘’ 34.201-89

Š®−áâàãªâ®àáª¨¥ ¤®ªã¬¥−âë
‘¯¥æ¨ä¨ª�æ¨ï ‘®áâ�¢ ¤®ªã¬¥−â�æ¨¨, ®¡®-

àã¤®¢�−¨ï ¨ ¯à®£à�¬¬−ëå
áà¥¤áâ¢ ¨§¤¥«¨ï

|

‘¯¥æ¨ä¨ª�æ¨ï
®¡®àã¤®¢�−¨ï

| ��¨¬¥−®¢�−¨¥ ¨ å�à�ªâ¥à¨áâ¨-
ª¨ í«¥¬¥−â®¢ ¨§¤¥«¨ï (ƒ�‘’
21.110-95)

‘å¥¬� í«¥ªâà¨-
ç¥áª�ï áâàãªâãà-
−�ï

‘®áâ�¢−ë¥ ç�áâ¨ ¨§¤¥«¨ï ¨
¨å ¢§�¨¬®á¢ï§¨ (ƒ�‘’ 2.701-
2008)

|

‘å¥¬� áâàãªâãà-
−�ï Š’‘

| ‘®áâ�¢ Š’‘ ¨ á¢ï§¨ ¬¥¦¤ã â¥å-
−¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨

’�¡«¨æ� á®¥¤¨-
−¥−¨©

�«¥ªâà¨ç¥áª¨¥ á®¥¤¨−¥−¨ï
¬¥¦¤ã ¬®−â�¦−ë¬¨ ¨§¤¥«¨ï¬¨

|

’�¡«¨æ� á®¥¤¨-
−¥−¨© ¨ ¯®¤-
ª«îç¥−¨©

| �«¥ªâà¨ç¥áª¨¥ á®¥¤¨−¥−¨ï
¬¥¦¤ã ¬®−â�¦−ë¬¨ ¨§¤¥«¨ï¬¨
¨ ¯®¤ª«îç¥−¨¥ ¯à®¢®¤®ª ª −¨¬

—¥àâ¥¦ ®¡é¥£®
¢¨¤�

{ Š®¬¯®−®¢ª� ¨ à�á¯®«®¦¥−¨¥
®¡®àã¤®¢�−¨ï;

{ ¢¨¤ë −� ¯«®áª®áâ¨ í«¥ªâà¨-
ç¥áª¨å ¨ ¨−ëå ¯à®¢®¤®ª;

{ áå¥¬� à�á¯®«®¦¥−¨ï èª�ä®¢
¨«¨ ¯�−¥«¥©;

{ ¯¥à¥ç¥−ì ¯à¨¡®à®¢, ¬®−â�¦-
−ëå ¨§¤¥«¨© ¨ ¬�â¥à¨�«®¢

{ Š®¬¯®−®¢ª� ¨ à�á¯®«®¦¥−¨¥
®¡®àã¤®¢�−¨ï;

{ ¢¨¤ë −� ¯«®áª®áâ¨ í«¥ªâà¨-
ç¥áª¨å ¨ ¨−ëå ¯à®¢®¤®ª;

{ áå¥¬� à�á¯®«®¦¥−¨ï èª�ä®¢
¨«¨ ¯�−¥«¥©;

{ ¯¥à¥ç¥−ì ¯à¨¡®à®¢, ¬®−â�¦-
−ëå ¨§¤¥«¨© ¨ ¬�â¥à¨�«®¢

�ªá¯«ã�â�æ¨®−−ë¥ ¤®ªã¬¥−âë
÷ãª®¢®¤áâ¢® ¯®
íªá¯«ã�â�æ¨¨

{ �¯¨á�−¨¥ ¨ à�¡®â�;
{ ¨á¯®«ì§®¢�−¨¥ ¯® −�§−�ç¥-

−¨î;
{ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥;
{ â¥ªãé¨© à¥¬®−â;
{ åà�−¥−¨¥;
{ âà�−á¯®àâ¨à®¢�−¨¥;
{ ãâ¨«¨§�æ¨ï

|

÷ãª®¢®¤áâ¢®
¯®«ì§®¢�â¥«ï

| { ‚¢¥¤¥−¨¥;
{ −�§−�ç¥−¨¥ ¨ ãá«®¢¨ï ¯à¨¬¥-

−¥−¨ï;
{ ¯®¤£®â®¢ª� ª à�¡®â¥;
{ ®¯¨á�−¨¥ á¨âã�æ¨©;
{ �¢�à¨©−ë¥ á¨âã�æ¨¨;
{ à¥ª®¬¥−¤�æ¨¨ ¯® ®á¢®¥−¨î
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’�¡«¨æ� 1 (¯à®¤®«¦¥−¨¥) ‘®¤¥à¦�−¨¥ ª®−áâàãªâ®àáª¨å ¨ íªá¯«ã�â�æ¨®−−ëå ¤®ªã¬¥−-
â®¢

��¨¬¥−®¢�−¨¥ ‘®¤¥à¦�−¨¥ ¤®ªã¬¥−â�
¤®ªã¬¥−â� …‘Š„ ƒ�‘’ 34.201-89

ˆ−áâàãªæ¨ï ¯®
íªá¯«ã�â�æ¨¨
Š’‘

| { �¡é¨¥ ¯®«®¦¥−¨ï;
{ áâàãªâãà� Š’‘;
{ áà¥¤áâ¢� ¢ëç¨á«¨â¥«ì−®©

â¥å−¨ª¨;
{ �¯¯�à�âãà� ¯¥à¥¤�ç¨ ¤�−−ëå

”®à¬ã«ïà { �¡é¨¥ ãª�§�−¨ï;
{ ®á−®¢−ë¥ á¢¥¤¥−¨ï ®¡ ¨§¤¥-

«¨¨;
{ ®á−®¢−ë¥ â¥å−¨ç¥áª¨¥ ¤�−-

−ë¥;
{ ¨−¤¨¢¨¤ã�«ì−ë¥ ®á®¡¥−−®-

áâ¨ ¨§¤¥«¨ï;
{ ª®¬¯«¥ªâ−®áâì;
{ à¥áãàáë, áà®ª¨ á«ã¦¡ë ¨

åà�−¥−¨ï;
{ ª®−á¥à¢�æ¨ï;
{ á¢¨¤¥â¥«ìáâ¢® ®¡ ã¯�ª®¢ë¢�-

−¨¨;
{ á¢¨¤¥â¥«ìáâ¢® ® ¯à¨¥¬ª¥;
{ ¤¢¨¦¥−¨¥ ¨§¤¥«¨ï ¯à¨ íªá-

¯«ã�â�æ¨¨;
{ ãç¥â à�¡®âë ¨§¤¥«¨ï;
{ ãç¥â â¥å−¨ç¥áª®£® ®¡á«ã¦¨-

¢�−¨ï;
{ à�¡®âë ¯à¨ íªá¯«ã�â�æ¨¨;
{ åà�−¥−¨¥;
{ à¥¬®−â;
{ ®á®¡ë¥ ®â¬¥âª¨

{ �¡é¨¥ á¢¥¤¥−¨ï;
{ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨;
{ ª®¬¯«¥ªâ−®áâì;
{ á¢¨¤¥â¥«ìáâ¢® ® ¯à¨¥¬ª¥;
{ £�à�−â¨¨ ¯à®¨§¢®¤¨â¥«ï;
{ á¢¥¤¥−¨ï ® à¥ª«�¬�æ¨ïå

��á¯®àâ { �á−®¢−ë¥ á¢¥¤¥−¨ï ® ¤®ªã-
¬¥−â¥ ¨ â¥å−¨ç¥áª¨¥ ¤�−−ë¥;

{ ª®¬¯«¥ªâ−®áâì;
{ à¥áãàáë, áà®ª¨ á«ã¦¡ë ¨

åà�−¥−¨ï;
{ ª®−á¥à¢�æ¨ï;
{ á¢¨¤¥â¥«ìáâ¢® ®¡ ã¯�ª®¢ë¢�-

−¨¨;
{ á¢¨¤¥â¥«ìáâ¢® ® ¯à¨¥¬ª¥;
{ ¤¢¨¦¥−¨¥ ¨§¤¥«¨ï ¯à¨ íªá-

¯«ã�â�æ¨¨;
{ ®á®¡ë¥ ®â¬¥âª¨

{ �¡é¨¥ á¢¥¤¥−¨ï;
{ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨;
{ ª®¬¯«¥ªâ−®áâì;
{ á¢¨¤¥â¥«ìáâ¢® ® ¯à¨¥¬ª¥;
{ £�à�−â¨©−®¥ ®¡á«ã¦¨¢�−¨¥;
{ á¢¥¤¥−¨ï ® á®áâ®ï−¨¨;
{ á¢¥¤¥−¨ï ® à¥ª«�¬�æ¨ïå
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�á®¡¥−−®áâ¨ à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨

’�¡«¨æ� 1 (®ª®−ç�−¨¥) ‘®¤¥à¦�−¨¥ ª®−áâàãªâ®àáª¨å ¨ íªá¯«ã�â�æ¨®−−ëå ¤®ªã¬¥−â®¢

��¨¬¥−®¢�−¨¥ ‘®¤¥à¦�−¨¥ ¤®ªã¬¥−â�
¤®ªã¬¥−â� …‘Š„ ƒ�‘’ 34.201-89

‚¥¤®¬®áâì ‡ˆ� { ‡�¯�á−ë¥ ç�áâ¨;
{ ¨−áâàã¬¥−â;
{ ¯à¨−�¤«¥¦−®áâ¨;
{ ¬�â¥à¨�«ë

|

‚¥¤®¬®áâì ¯®-
âà¥¡−®áâ¨ ¢ ¬�-
â¥à¨�«�å

| ��¨¬¥−®¢�−¨¥ ¨ å�à�ªâ¥à¨-
áâ¨ª¨ §�¯�á−ëå ¬�â¥à¨�«®¢
¨ ¯à¨−�¤«¥¦−®áâ¥© ¤«ï ¨§¤¥-
«¨ï (ƒ�‘’ 21.110-95)

‚¥¤®¬®áâì íªá-
¯«ã�â�æ¨®−−ëå
¤®ªã¬¥−â®¢

�¥à¥ç¥−ì íªá¯«ã�â�æ¨®−−ëå
¤®ªã¬¥−â®¢ á®£«�á−® ƒ�‘’ã
2.601- 95

�¥à¥ç¥−ì íªá¯«ã�â�æ¨®−−ëå
¤®ªã¬¥−â®¢ á®£«�á−® ƒ�‘’ã
34.201-89

¤®ªã¬¥−â®¢; ®¯¨á�−¨¥ ¯à¨¬¥−¥−¨ï; àãª®¢®¤áâ¢® á¨áâ¥¬−®£® ¯à®£à�¬¬¨áâ�; àã-
ª®¢®¤áâ¢® ®¯¥à�â®à�; ¯à®£à�¬¬ã ¨ ¬¥â®¤¨ªã ¨á¯ëâ�−¨©. �á−®¢−®¥ á®¤¥à¦�−¨¥
¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢ ¯à¨¢¥¤¥−® ¢ â�¡«. 2.

�à¨ á®§¤�−¨¨ �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ ¤®«¦−ë ¯à®¢®¤¨âìáï â¥-
¬�â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï ª®¬¯«¥ªá®¢ ‘�� −� ®âáãâáâ¢¨¥ −¥¤¥ª«�à¨à®¢�−−ëå
¢®§¬®¦−®áâ¥©, ¢ â®¬ ç¨á«¥ ¯à®£à�¬¬−ëå §�ª«�¤®ª. ‚ ¨−â¥à¥á�å á¯¥æ¨�«¨§¨-
à®¢�−−®© ®à£�−¨§�æ¨¨, ¯à®¢®¤ïé¥© â¥¬�â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï, ¬®£ãâ à�§à�¡�-
âë¢�âìáï ¨ ¤àã£¨¥ ¯à®£à�¬¬−ë¥ ¤®ªã¬¥−âë, ¢ ç�áâ−®áâ¨ ¯®ïá−¨â¥«ì−�ï §�¯¨áª�
¨ àãª®¢®¤áâ¢® ¯® á¡®àª¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

�à®¥ªâ−®-á¬¥â−�ï ¤®ªã¬¥−â�æ¨ï à�§à�¡�âë¢�¥âáï ¯à¨¬¥−¨â¥«ì−® ª ª®−ªà¥â-
−ë¬ ®¡ê¥ªâ�¬ ¨ ¢ª«îç�¥â:

{ à�¡®ç¨© ¯à®¥ªâ;
{ á¬¥â−ãî ¤®ªã¬¥−â�æ¨î.

÷�¡®ç¨© ¯à®¥ªâ −� ®¡ê¥ªâ, ª�ª ¯à�¢¨«®, ¢ª«îç�¥â ¯®ïá−¨â¥«ì−ãî §�¯¨áªã,
áå¥¬ë á®¥¤¨−¥−¨©, áå¥¬ë ¯®¤ª«îç¥−¨©, áå¥¬ë à�á¯®«®¦¥−¨ï ®¡®àã¤®¢�−¨ï,
áå¥¬ë ª�¡¥«ì−ëå âà�áá ¨ â. ¯. �à¨ ¢ë¯®«−¥−¨¨ à�¡®ç¥£® ¯à®¥ªâ� ¨á¯®«ì§ãîâáï
á«¥¤ãîé¨¥ −®à¬�â¨¢−ë¥ ¤®ªã¬¥−âë:

{ ¢ë¡®à ¯�à�¬¥âà®¢ §�é¨â−®£® §�§¥¬«¥−¨ï ®áãé¥áâ¢«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨
á ¯à�¢¨«�¬¨ ãáâà®©áâ¢� í«¥ªâà®ãáâ�−®¢®ª (�“�);

{ ¯à¨ ¯®¤£®â®¢ª¥ ¯®¬¥é¥−¨© ¨ ®¯à¥¤¥«¥−¨¨ ¯«®â−®áâ¨ à�§¬¥é¥−¨ï �¯¯�à�â−®-
¯à®£à�¬¬−ëå áà¥¤áâ¢ ¢ à�¡®ç¨å ¯®¬¥é¥−¨ïå ¯à¨¬¥−ïîâáï á®®â¢¥âáâ¢ãîé¨¥
¯®«®¦¥−¨ï áâà®¨â¥«ì−ëå ¨ á�−¨â�à−ëå −®à¬ ¨ ¯à�¢¨«;

{ ¯à�¢¨«� áâà®¨â¥«ìáâ¢� ª�¡¥«ì−ëå âà�áá, � â�ª¦¥ ª�¡¥«ì−ëå ¢¢®¤®¢ ¢ §¤�-
−¨ï à¥£«�¬¥−â¨àãîâáï àãª®¢®¤áâ¢�¬¨, áâ�−¤�àâ�¬¨ ¨ ¤àã£¨¬¨ ¤®ªã¬¥−â�¬¨
Œ¨−¨áâ¥àáâ¢� á¢ï§¨ ¨ ¬�áá®¢ëå ª®¬¬ã−¨ª�æ¨© ÷”;
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’�¡«¨æ� 2 ‘®¤¥à¦�−¨¥ ¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢

��¨¬¥−®¢�−¨¥ ¤®ªã¬¥−â� ‘®¤¥à¦�−¨¥ ¤®ªã¬¥−â�
‘¯¥æ¨ä¨ª�æ¨ï (ƒ�‘’
19.202-78)

{ „®ªã¬¥−â�æ¨ï;
{ ª®¬¯«¥ªáë;
{ ª®¬¯®−¥−âë

’¥ªáâ ¯à®£à�¬¬ë (ƒ�‘’
19.401-78)

‡�¯¨áì ¯à®£à�¬¬ë á −¥®¡å®¤¨¬ë¬¨ ª®¬¬¥−â�à¨ï¬¨

�¯¨á�−¨¥ ¯à®£à�¬¬ë (ƒ�‘’
19.402-78)

{ �¡é¨¥ á¢¥¤¥−¨ï;
{ äã−ªæ¨®−�«ì−®¥ −�§−�ç¥−¨¥;
{ ®¯¨á�−¨¥ «®£¨ç¥áª®© áâàãªâãàë;
{ ¨á¯®«ì§ã¥¬ë¥ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�;
{ ¢ë§®¢ ¨ §�£àã§ª�;
{ ¢å®¤−ë¥ ¤�−−ë¥;
{ ¢ëå®¤−ë¥ ¤�−−ë¥

”®à¬ã«ïà (ƒ�‘’ 19.501-78) { �¡é¨¥ ãª�§�−¨ï;
{ ®¡é¨¥ á¢¥¤¥−¨ï;
{ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨;
{ ª®¬¯«¥ªâ−®áâì;
{ ¯¥à¨®¤¨ç¥áª¨© ª®−âà®«ì ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª

¯à¨ íªá¯«ã�â�æ¨¨ ¨ åà�−¥−¨¨;
{ á¢¨¤¥â¥«ìáâ¢® ® ¯à¨¥¬ª¥;
{ á¢¨¤¥â¥«ìáâ¢® ®¡ ã¯�ª®¢ª¥ ¨ ¬�àª¨à®¢ª¥;
{ £�à�−â¨©−ë¥ ®¡ï§�â¥«ìáâ¢�;
{ á¢¥¤¥−¨ï ® à¥ª«�¬�æ¨ïå;
{ á¢¥¤¥−¨ï ® åà�−¥−¨¨;
{ á¢¥¤¥−¨ï ® §�ªà¥¯«¥−¨¨ ¯à®£à�¬¬−®£® ¨§¤¥«¨ï

¯à¨ íªá¯«ã�â�æ¨¨;
{ á¢¥¤¥−¨ï ®¡ ¨§¬¥−¥−¨ïå;
{ ®á®¡ë¥ ®â¬¥âª¨

‚¥¤®¬®áâì íªá¯«ã�â�æ¨®−−ëå
¤®ªã¬¥−â®¢ (ƒ�‘’ 19.507-78)

�¥à¥ç¥−ì ¯à®£à�¬¬−ëå íªá¯«ã�â�æ¨®−−ëå ¤®ªã¬¥−-
â®¢

�¯¨á�−¨¥ ¯à¨¬¥−¥−¨ï (ƒ�‘’
19.502-78)

{ ��§−�ç¥−¨¥ ¯à®£à�¬¬ë;
{ ãá«®¢¨ï ¯à¨¬¥−¥−¨ï;
{ ®¯¨á�−¨¥ §�¤�ç¨;
{ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¤�−−ë¥

÷ãª®¢®¤áâ¢® á¨áâ¥¬−®£® ¯à®-
£à�¬¬¨áâ� (ƒ�‘’ 19.503-79)

{ �¡é¨¥ á¢¥¤¥−¨ï ® ¯à®£à�¬¬¥;
{ áâàãªâãà� ¯à®£à�¬¬ë;
{ −�áâà®©ª� ¯à®£à�¬¬ë;
{ ¯à®¢¥àª� ¯à®£à�¬¬ë;
{ ¤®¯®«−¨â¥«ì−ë¥ ¢®§¬®¦−®áâ¨;
{ á®®¡é¥−¨ï á¨áâ¥¬−®¬ã ¯à®£à�¬¬¨áâã
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�á®¡¥−−®áâ¨ à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨ ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨

’�¡«¨æ� 2 (®ª®−ç�−¨¥) ‘®¤¥à¦�−¨¥ ¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢

��¨¬¥−®¢�−¨¥ ¤®ªã¬¥−â� ‘®¤¥à¦�−¨¥ ¤®ªã¬¥−â�
÷ãª®¢®¤áâ¢® ®¯¥à�â®à�
(ƒ�‘’ 19.505-79)

{ ��§−�ç¥−¨¥ ¨ ãá«®¢¨ï ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬ë;
{ å�à�ªâ¥à¨áâ¨ª� ¯à®£à�¬¬ë;
{ ®¡à�é¥−¨¥ ª ¯à®£à�¬¬¥;
{ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¤�−−ë¥;
{ á®®¡é¥−¨ï

�à®£à�¬¬� ¨ ¬¥â®¤¨-
ª� ¨á¯ëâ�−¨© (ƒ�‘’
19.301-79)

{ �¡ê¥ªâ ¨á¯ëâ�−¨©;
{ æ¥«ì ¨á¯ëâ�−¨©;
{ á®áâ�¢ ¯à¥¤êï¢«ï¥¬®© ¤®ªã¬¥−â�æ¨¨;
{ â¥å−¨ç¥áª¨¥ âà¥¡®¢�−¨ï;
{ ¯®àï¤®ª ¯à®¢¥¤¥−¨ï ¨á¯ëâ�−¨©;
{ ¬¥â®¤ë ¨á¯ëâ�−¨©

{ ¯«�−ë, áå¥¬ë, ç¥àâ¥¦¨ ¨ ¯à®ç�ï £à�ä¨ç¥áª�ï ç�áâì ¤®ªã¬¥−â�æ¨¨ ¢ë¯®«−ï-
¥âáï ¢ á®®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ�¬¨ á¥à¨¨ ú‘¨áâ¥¬� ¯à®¥ªâ−®© ¤®ªã¬¥−â�æ¨¨
¤«ï áâà®¨â¥«ìáâ¢�û (‘�„‘) | ƒ�‘’ ÷ ª«�áá� 21.ååå. ��¨¡®«¥¥ ç�áâ®
¤«ï íâ®© æ¥«¨ ¯à¨¬¥−ï¥âáï ƒ�‘’ ÷ 21.1703-2000 | ú�à�¢¨«� ¢ë¯®«−¥−¨ï
à�¡®ç¥© ¤®ªã¬¥−â�æ¨¨ ¯à®¢®¤−ëå áà¥¤áâ¢ á¢ï§¨û [12].

‡�âà�âë −� ¬®−â�¦−ë¥ ¨ ¯ãáª®−�«�¤®ç−ë¥ à�¡®âë ®á−®¢−®£® ®¡®àã¤®¢�−¨ï,
� â�ª¦¥ ¯à®¥ªâ¨à®¢�−¨¥ ¨ ®¡®àã¤®¢�−¨¥ ¨−¦¥−¥à−ëå á¨áâ¥¬ (í«¥ªâà®á−�¡¦¥−¨ï,
¢¥−â¨«ïæ¨¨ ¨ ª®−¤¨æ¨®−¨à®¢�−¨ï, ®åà�−−®-¯®¦�à−®© á¨£−�«¨§�æ¨¨, ¯®¦�à®-
âãè¥−¨ï), ®¡¥á¯¥ç¨¢�îé¨å äã−ªæ¨®−¨à®¢�−¨¥ ®¡ê¥ªâ®¢ëå ª®¬¯«¥ªá®¢ �ˆ‘,
®¯à¥¤¥«ïîâáï −� ®á−®¢¥ à�§à�¡®âª¨ á¬¥â−®© ¤®ªã¬¥−â�æ¨¨.

‘¬¥â−�ï ¤®ªã¬¥−â�æ¨ï à�§à�¡�âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á úŒ¥â®¤¨ª®© ®¯à¥-
¤¥«¥−¨ï áâ®¨¬®áâ¨ áâà®¨â¥«ì−®© ¯à®¤ãªæ¨¨ −� â¥àà¨â®à¨¨ ÷®áá¨©áª®© ”¥-
¤¥à�æ¨¨ Œ„‘81-35-2004û, ¢¢¥¤¥−−®© ¢ ¤¥©áâ¢¨¥ �®áâ�−®¢«¥−¨¥¬ ƒ®ááâà®ï
®â 5 ¬�àâ� 2004 £. ü 15/1. Œ¥â®¤¨ª� ¨¬¥¥â ¢ á¢®¥¬ á®áâ�¢¥ ®¡é¨¥ ¬¥-
â®¤¨ç¥áª¨¥ ¯®«®¦¥−¨ï ¯® á®áâ�¢«¥−¨î á¬¥â−®© ¤®ªã¬¥−â�æ¨¨ ¨ ®¯à¥¤¥«¥−¨î
á¬¥â−®© áâ®¨¬®áâ¨ áâà®¨â¥«ìáâ¢�, ¢ë¯®«−¥−¨ï à¥¬®−â−ëå, ¬®−â�¦−ëå ¨ ¯ãá-
ª®−�«�¤®ç−ëå à�¡®â −� ¢á¥å áâ�¤¨ïå à�§à�¡®âª¨ ¯à®¥ªâ−®© ¤®ªã¬¥−â�æ¨¨,
ä®à¬¨à®¢�−¨î ¤®£®¢®à−ëå æ¥− ¨ ¯à®¢¥¤¥−¨î à�áç¥â®¢ §� ¢ë¯®«−¥−−ë¥ à�-
¡®âë.

‚ −¥ª®â®àëå á«ãç�ïå á æ¥«ìî ã−¨ä¨ª�æ¨¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢
�ˆ‘ à�§à�¡�âë¢�îâáï ®¯ëâ−ë¥ ®¡à�§æë â¨¯®¢ëå ª®¬¯«¥ªá®¢ ¨ �¢â®¬�â¨§¨à®-
¢�−−ëå à�¡®ç¨å ¬¥áâ à�§«¨ç−®£® −�§−�ç¥−¨ï. �à¨ ¨å à�§à�¡®âª¥ ¨ ¨á¯ëâ�−¨ïå
¯à¨¬¥−ï¥âáï ƒ�‘’ ÷‚ ª«�áá� 15.ååå. ‘®®â¢¥âáâ¢¥−−®, ¤®ªã¬¥−â�æ¨ï −� ãª�-
§�−−ë¥ ª®¬¯«¥ªáë à�§à�¡�âë¢�¥âáï −� ®á−®¢¥ áâ�−¤�àâ®¢ …‘Š„.
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4 Заключение

‘®áâ�¢ ¨ á®¤¥à¦�−¨¥ à�¡®ç¥© ¤®ªã¬¥−â�æ¨¨, à�§à�¡�âë¢�¥¬®© ¯à¨ á®§¤�−¨¨
�ˆ‘, ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ®¯à¥¤¥«ï¥âáï á¯¥æ¨ä¨ª®© á®§¤�¢�¥¬®© á¨áâ¥¬ë.
‚ â® ¦¥ ¢à¥¬ï ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¯à®á«¥¦¨¢�¥âáï ®¯à¥¤¥«¥−−�ï ®¡é−®áâì
¯®¤å®¤®¢.

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥− ¢®§¬®¦−ë© ¯®¤å®¤ ª à�§à�¡®âª¥ ¤®ªã¬¥−â�æ¨¨ ¤«ï
�ˆ‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨, ®â¬¥ç¥−ë ®á−®¢−ë¥ ¯à®¡«¥¬ë ¨ ®á®¡¥−−®-
áâ¨ à�§à�¡®âª¨ ¤®ªã¬¥−â�æ¨¨. �à¥¤«®¦¥− ª®−ªà¥â−ë© ¯¥à¥ç¥−ì ¤®ªã¬¥−â�æ¨¨,
à�§à�¡�âë¢�¥¬ë© ¯à¨ á®§¤�−¨¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬. „�−−ë© ¯¥à¥-
ç¥−ì ï¢«ï¥âáï ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬ë¬ ¤«ï ª�ç¥áâ¢¥−−®© à�§à�¡®âª¨ �ˆ‘.
‚¬¥áâ¥ á â¥¬ ¨¬¥îé¨©áï ã �¢â®à®¢ ®¯ëâ à�§à�¡®âª¨ �ˆ‘ ¯®ª�§ë¢�¥â, çâ® ¤�−-
−ë© ª®¬¯«¥ªâ ¤®ªã¬¥−â�æ¨¨ ¯à¨ −�¤«¥¦�é¥¬ ¥£® ¨á¯®«−¥−¨¨ ï¢«ï¥âáï ¢¯®«−¥
¤®áâ�â®ç−ë¬ ¤«ï á®§¤�−¨ï á¨áâ¥¬ë, ¥¥ ®á¢®¥−¨ï ®¡á«ã¦¨¢�îé¨¬ ¯¥àá®−�«®¬
¨ íää¥ªâ¨¢−®© íªá¯«ã�â�æ¨¨.
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Abstract: The peculiar properties of documentation development for secured
automated information systems (AIS) considering requirements of existing reg-
ulatory and technical base and experience of systems installation at customer's
sites are described. The main system-technical and organizational problems con-
cerning content of secured AIS documentation arising during implementation are
determined. The paper suggests a systematic approach to presentation of secured
AIS documentation content that is sufficient for development, deployment, and
operation of secured AIS with necessary quality. The paper determines specialties
of secured AIS and offers exact list of papers of working documentation developed
for AIS. Finally, it is shown that suggested approaches are sufficiently effective
for stuff education. The results are tested in practice in the process of creation
and installation of several secured AIS.
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МОНИТОРИНГ ИНФОРМАЦИОННОЙ БЕЗОПАСНОСТИ
КАК ОБЛАЧНЫЙ СЕРВИС

О. А. Бондаренко1, К. И. Волович2, В. А. Кондрашев3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï �á¯¥ªâë ®à£�−¨§�æ¨¨ ¬®−¨â®à¨−£� ¨−ä®à¬�æ¨-
®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆC) −� ®á−®¢¥ â¥å−®«®£¨©
SIEM (Security information and event management) ¢ ª�ç¥áâ¢¥ á¥à¢¨á�. ‘¥à-
¢¨á ¯à¥¤®áâ�¢«ï¥âáï æ¥−âà®¬ ®¡à�¡®âª¨ ¤�−−ëå (–�„) −� ®á−®¢¥ ®¡«�ç−ëå
â¥å−®«®£¨©. �¡¥á¯¥ç¥−¨¥ ª�ç¥áâ¢� ãá«ã£¨ ¯® ¬®−¨â®à¨−£ã ˆ� ¢ ®¡«�ª¥ âà¥-
¡ã¥â ®¯à¥¤¥«¥−−®© ¬®¤¨ä¨ª�æ¨¨ âà�¤¨æ¨®−−®© ¯à®æ¥¤ãàë á¡®à� ¨ ®¡à�¡®âª¨
¤�−−ëå ¢ SIEM. �à¥¤«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ á¯¥æ¨�«¨§¨à®¢�−−ëå ª®¬¯®-
−¥−â®¢-¯®áà¥¤−¨ª®¢ á¡®à� ¯¥à¢¨ç−ëå ¤�−−ëå ® äã−ªæ¨®−¨à®¢�−¨¨ ˆ‘, çâ®
¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì á®¯®áâ�¢¨¬®¥ ª�ç¥áâ¢® ¬®−¨â®à¨−£� ˆ� ¤«ï «®ª�«ì−ëå
¨ ®¡«�ç−ëå SIEM.

Š«îç¥¢ë¥ á«®¢�: SIEM; ®¡«�ª®; ®¡«�ç−ë© á¥à¢¨á; ¬®−¨â®à¨−£ ¨−ä®à¬�æ¨-
®−−®© ¡¥§®¯�á−®áâ¨; ¢¨àâã�«¨§�æ¨ï ¢ëç¨á«¥−¨©

DOI: 10.14357/08696527140312

1 Введение

‘®¢à¥¬¥−−ë¥ ª®−æ¥¯æ¨¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ˆ‘ ¯à¥¤¯®«�£�îâ −�«¨-
ç¨¥ ¢ á®áâ�¢¥ ˆ‘ áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ã£à®§�¬, � â�ª¦¥ áà¥¤áâ¢ ¯®áâ®ï−−®£®
¬®−¨â®à¨−£� á®áâ®ï−¨ï ˆ�. ’à�¤¨æ¨®−−® â�ª¨¥ áà¥¤áâ¢� ¢−¥¤àïîâáï ¢ ˆ‘
¨ äã−ªæ¨®−¨àãîâ ¢ −¥© ª�ª ®â¤¥«ì−�ï ¯®¤á¨áâ¥¬� −� ¯à®£à�¬¬−®-�¯¯�à�â−ëå
áà¥¤áâ¢�å ˆ‘.

�¤−�ª® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå �ªâ¨¢−® à�§¢¨¢�-
îâáï −�¯à�¢«¥−¨ï, á¢ï§�−−ë¥ á ¢¨àâã�«¨§�æ¨¥© ¢ëç¨á«¥−¨© ¢ –�„ ¨ ¯à¥¤®áâ�¢-
«¥−¨¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¨ ¢ëç¨á«¨â¥«ì−ëå ¯«�âä®à¬ ª�ª á¥à¢¨á�.
’�ª¨¥ â¥å−®«®£¨¨ ¯®«ãç¨«¨ −�§¢�−¨¥ ú®¡«�ç−ëå ¢ëç¨á«¥−¨©û (cloud computing).
‡�¤�ç� ¬®−¨â®à¨−£� ˆ� ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª á¥à¢¨á, ¯à¥¤®áâ�¢«ï¥¬ë©
–�„ ¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬, ï¢«ïîé¨¬áï ¥£® ª«¨¥−â�¬¨.

„�«¥¥ ¢ áâ�âì¥ ¯à®�−�«¨§¨à®¢�−ë ®á−®¢−ë¥ ª®−æ¥¯æ¨¨ ¯®áâà®¥−¨ï á¨áâ¥¬
¬®−¨â®à¨−£� ˆ� ª�ª ª®¬¯®−¥−â®¢ ˆ‘, à�áá¬®âà¥−ë á®¢à¥¬¥−−ë¥ ¯®¤å®¤ë ª à¥-
�«¨§�æ¨¨ ¬®−¨â®à¨−£� ˆ� −� ®á−®¢¥ ®¡«�ç−ëå â¥å−®«®£¨©, ¢ëà�¡®â�−ë ¯à¥¤«®-
¦¥−¨ï ¯® ¨§¬¥−¥−¨î âà�¤¨æ¨®−−®© �àå¨â¥ªâãàë á¨áâ¥¬ ¬®−¨â®à¨−£� ˆ� ¯à¨ ¨å
¯à¨¬¥−¥−¨¨ ¢ ª�ç¥áâ¢¥ ®¡«�ç−®£® á¥à¢¨á�.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, olga@ipi.ac.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, kv@ipi.ac.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vd@ipi.ac.ru
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2 Средства автоматизации мониторинга информационной
безопасности

�¤−¨¬ ¨§ á®¢à¥¬¥−−ëå −�¯à�¢«¥−¨© ¬®−¨â®à¨−£� ˆ� ï¢«ï¥âáï ¨á¯®«ì§®¢�-
−¨¥ á¨áâ¥¬ SIEM [1]. �á−®¢−ë¬ −�§−�ç¥−¨¥¬ SIEM ï¢«ï¥âáï á¡®à ¨ �−�«¨§
¨−ä®à¬�æ¨¨ ® äã−ªæ¨®−¨à®¢�−¨¨ ˆ‘ ®â ¢á¥å ¯à®£à�¬¬−®-�¯¯�à�â−ëå ª®¬¯®-
−¥−â®¢, ¢å®¤ïé¨å ¢ −¥¥, á æ¥«ìî ®¡−�àã¦¥−¨ï �−®¬�«¨© äã−ªæ¨®−¨à®¢�−¨ï,
ª®â®àë¥ ¬®£ãâ ¯à¥¤áâ�¢«ïâì ã£à®§ã ˆ�.

�à¨−æ¨¯ à�¡®âë SIEM á®áâ®¨â ¢ â®¬, çâ® áà¥¤áâ¢� á¡®à� ¦ãà−�«®¢ ¨§¢«¥ª�îâ
¦ãà−�«ë à�§«¨ç−ëå ª®¬¯®−¥−â®¢ ˆ‘ ¨ §�−®áïâ ¨å ¢ á¯¥æ¨�«¨§¨à®¢�−−ãî ¡�§ã
¤�−−ëå. „®¯®«−¨â¥«ì−® áà¥¤áâ¢� á¥â¥¢®£® ¬®−¨â®à¨−£�, ¢å®¤ïé¨¥ ¢ SIEM,
¬®£ãâ ¦ãà−�«¨§¨à®¢�âì ¢ â®© ¦¥ ¡�§¥ á¥â¥¢®© âà�ä¨ª ˆ‘. �� ®á−®¢¥ ¤�−−ëå,
à�§¬¥é¥−−ëå ¢ ¡�§¥ ª®¬¯®−¥−â®¢, SIEM, −�§ë¢�¥¬ë© ª®àà¥«ïâ®à®¬ á®¡ëâ¨©,
−�å®¤¨â á¢ï§�−−ë¥ á®¡ëâ¨ï ¨ áâà®¨â æ¥¯®çª¨ ª®àà¥«ïæ¨¨.

�¯à¥¤¥«¥−−ë¥ ®á®¡¥−−®áâ¨ ¯®áâà®¥−−ëå æ¥¯®ç¥ª ª®àà¥«ïæ¨¨ (−�¯à¨¬¥à,
¯®¢â®àï¥¬®áâì ®¯à¥¤¥«¥−−ëå á®¡ëâ¨©, à¥�ªæ¨¨ áà¥¤áâ¢ ¯à¥¤®â¢à�é¥−¨ï �â�ª ¨«¨
¬¥¦á¥â¥¢®£® íªà�−¨à®¢�−¨ï −� ®¯à¥¤¥«¥−−ë© â¨¯ á¥â¥¢®£® âà�ä¨ª�, −¥â¨¯¨ç−�ï
�ªâ¨¢−®áâì ¯®«ì§®¢�â¥«¥© á¨áâ¥¬ë) ¬®£ãâ á«ã¦¨âì ¨−¤¨ª�â®à®¬ â®£®, çâ® ˆ�
á¨áâ¥¬ë −�å®¤¨âáï ¯®¤ ã£à®§®©. „«ï ¯à¨−ïâ¨ï à¥è¥−¨ï ®¡ ã£à®§¥ ˆ� SIEM
¯à®¨§¢®¤¨â áà�¢−¥−¨¥ ¯®áâà®¥−−ëå æ¥¯®ç¥ª ª®àà¥«ïæ¨¨ á®¡ëâ¨© á è�¡«®−�¬¨
ã£à®§ ¨ ¯à¨−¨¬�¥â à¥è¥−¨¥ ® ¯®â¥−æ¨�«ì−®© ¢®§¬®¦−®áâ¨ −�àãè¥−¨ï ˆ�.

˜�¡«®−ë ã£à®§ à�§à�¡�âë¢�îâáï ¯®áâ�¢é¨ª®¬ SIEM ¨ ¯à¥¤®áâ�¢«ïîâáï ª�ª
à¥£ã«ïà−ë¥ ®¡−®¢«¥−¨ï ¤«ï SIEM.

‚ −�áâ®ïé¥¥ ¢à¥¬ï àï¤ ªàã¯−ëå ¯à®¨§¢®¤¨â¥«¥© �� ¯à¥¤«�£�¥â ª®¬¬¥àç¥-
áª¨¥ à¥�«¨§�æ¨¨ SIEM, £®â®¢ë¥ ª ¢−¥¤à¥−¨î ª�ª ¢® ¢−®¢ì á®§¤�¢�¥¬ëå, â�ª ¨ ¢
áãé¥áâ¢ãîé¨å ˆ‘.

‹¨¤¥à�¬¨ ¢ ®¡«�áâ¨ SIEM, ¯® ¤�−−ë¬ �£¥−âáâ¢� Gartner, ï¢«ïîâáï [2]:

{ IBM QRadar;
{ Hewlett Packard Arc Sight;
{ Splunk SIEM;
{ McAfee SIEM;
{ LogRhythm SIEM.

Š�¦¤ë© ¨§ ãª�§�−−ëå ¯à®¨§¢®¤¨â¥«¥© ¨¬¥¥â á®¡áâ¢¥−−ãî «�¡®à�â®à¨î á¥â¥-
¢®© ¡¥§®¯�á−®áâ¨, �−�«¨§¨àãîéãî á®¢à¥¬¥−−ë¥ ¬¥â®¤¨ª¨ á¥â¥¢ëå �â�ª, ¤¥©áâ¢¨ï
§«®ã¬ëè«¥−−¨ª®¢, ãï§¢¨¬®áâ¨ ¢ �� ¨§¢¥áâ−ëå ¯à®¤ãªâ®¢. �� ®á−®¢�−¨¨ ¯®-
«ãç¥−−ëå ¤�−−ëå «�¡®à�â®à¨¨ à�§à�¡�âë¢�îâ è�¡«®−ë ãï§¢¨¬®áâ¥© ¤«ï á¨áâ¥¬
SIEM ¨ ¯à¥¤®áâ�¢«ïîâ ¨å ¯®«ì§®¢�â¥«ï¬ SIEM ¢ ª�ç¥áâ¢¥ ®¡−®¢«¥−¨©. �à¨ç¥¬,
¯®áª®«ìªã è�¡«®−ë ãç¨âë¢�îâ ãï§¢¨¬®áâ¨ ¢ �� á¨áâ¥¬−®£® ¨ ¯à¨ª«�¤−®£® ��,
SIEM ¯®§¢®«ï¥â §�é¨â¨âì ˆ‘ ¤® â®£®, ª�ª ¯à®¨§¢®¤¨â¥«ì á®®â¢¥âáâ¢ãîé¥£® ��
¢ë¯ãáâ¨â ®¡−®¢«¥−¨ï.

�¥á¬®âàï −� à�§«¨ç¨ï ¢ à¥�«¨§�æ¨¨, ¯à¥¤®áâ�¢«ï¥¬ëå á¥à¢¨á�å ¨ â. ¤.,
®¡é�ï ¨¤¥ï ¢á¥å á¨áâ¥¬ SIEM | ®¡à�¡®â�âì ¡®«ìè®© ®¡ê¥¬ ¯¥à¢¨ç−ëå ¤�−−ëå,
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Œ®−¨â®à¨−£ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ª�ª ®¡«�ç−ë© á¥à¢¨á

−¥ ¯®¤¤�îé¨©áï �−�«¨§ã ç¥«®¢¥ª®¬, ¨ ¢ë¤�âì −¥¡®«ìè®© −�¡®à ¯®â¥−æ¨�«ì−ëå
ã£à®§, ª®â®àë© ¬®¦¥â ¡ëâì ¯à®�−�«¨§¨à®¢�− �¤¬¨−¨áâà�â®à®¬ á¨áâ¥¬ë.

„¥©áâ¢¨â¥«ì−®, ç¨á«® §�¯¨á¥© ¢ á¨áâ¥¬−ëå ¨ ¯à¨ª«�¤−ëå ¦ãà−�«�å �¢â®¬�-
â¨§¨à®¢�−−®© á¨áâ¥¬ë, á®¤¥à¦�é¥© ¢á¥£® −¥áª®«ìª® á¥à¢¥à®¢, ¬®¦¥â ¤®å®¤¨âì ¤®
á®â¥− âëáïç ¢ ¤¥−ì, ¨§¢¥áâ−ë �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ªàã¯−ëå ª®à¯®à�æ¨©,
£¤¥ ª®«¨ç¥áâ¢® §�¯¨á¥© ¨áç¨á«ï¥âáï ¬¨««¨�à¤�¬¨. ’�ª®© ®¡ê¥¬ ¤�−−ëå ¢ ®¡-
é¥¬ á«ãç�¥ −¥ ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á� ¡¥§ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ¨å ®¡à�¡®âª¨,
¯®íâ®¬ã ¨¤¥ï SIEM −¥ ï¢«ï¥âáï −®¢¨−ª®©, ®¤−�ª® ¯à®¬ëè«¥−−ë¥ à¥�«¨§�æ¨¨,
á¯®á®¡−ë¥ −�¤¥¦−® äã−ªæ¨®−¨à®¢�âì ¢ ãá«®¢¨ïå à¥�«ì−®© íªá¯«ã�â�æ¨¨, ¯®ï¢¨-
«¨áì â®«ìª® ¢ ¯®á«¥¤−¨¥ −¥áª®«ìª® «¥â. ‘®¢à¥¬¥−−ë¥ á¨áâ¥¬ë SIEM ¯®§¢®«ïîâ
á¢¥áâ¨ ãª�§�−−ë© ®£à®¬−ë© ®¡ê¥¬ ¤�−−ëå ¢á¥£® ª −¥áª®«ìª¨¬ (¤® ¤¥áïâª®¢)
á®®¡é¥−¨ï¬ ® ¯®â¥−æ¨�«ì−®¬ −�àãè¥−¨¨ ˆ� ¢ ¤¥−ì, çâ® ¢¯®«−¥ ¤®áâã¯−® ¤«ï
�−�«¨§� ¨ à¥�£¨à®¢�−¨ï á® áâ®à®−ë �¤¬¨−¨áâà�â®à� ˆ‘.

‚−¥¤à¥−¨¥ ãª�§�−−ëå á¨áâ¥¬ SIEM âà¥¡ã¥â à�§¢¥àâë¢�−¨ï ¢ á®áâ�¢¥ ˆ‘
¯®«ì§®¢�â¥«ï SIEM á«¥¤ãîé¨å ¯à®£à�¬¬−®-�¯¯�à�â−ëå ª®¬¯®−¥−â®¢:

{ ‘“�„ ¥¤¨−®© ¡�§ë ¤�−−ëå á®¡ëâ¨© ˆ�;

{ áà¥¤áâ¢ á¡®à� ¨ ª®−á®«¨¤�æ¨¨ §�¯¨á¥© ® á®¡ëâ¨ïå ˆ� ¢ ¥¤¨−®© ¡�§¥ ¤�−−ëå;

{ áà¥¤áâ¢ �−�«¨§� §�¯¨á¥© ® á®¡ëâ¨ïå ˆ� ¯ãâ¥¬ ¯®áâà®¥−¨ï æ¥¯®ç¥ª ª®àà¥«ï-
æ¨¨ á®¡ëâ¨©;

{ áà¥¤áâ¢ á®¯®áâ�¢«¥−¨ï ¯®áâà®¥−−ëå æ¥¯®ç¥ª ª®àà¥«ïæ¨¨ á è�¡«®−�¬¨ ãï§¢¨-
¬®áâ¥© á æ¥«ìî ®¡−�àã¦¥−¨ï ä�ªâ®¢ −�àãè¥−¨ï ˆ�, � â�ª¦¥ ¯®â¥−æ¨�«ì−ëå
ãï§¢¨¬®áâ¥©;

{ áà¥¤áâ¢ ã¢¥¤®¬«¥−¨ï �¤¬¨−¨áâà�â®à� ¨ ¨−áâàã¬¥−â�à¨ï à�§¡®à� ¯®â¥−æ¨�«ì-
−® ®¯�á−ëå á¨âã�æ¨© á æ¥«ìî ®¡−�àã¦¥−¨ï ¨ «¨ª¢¨¤�æ¨¨ ãï§¢¨¬®áâ¥©.

„�−−ë¥ ª®¬¯®−¥−âë âà¥¡ãîâ ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−−ëå à¥áãàá®¢ (−� ä¨§¨ç¥-
áª¨å «¨¡® ¢¨àâã�«ì−ëå ¯«�âä®à¬�å) ¢ ˆ‘ ¯®«ì§®¢�â¥«ï SIEM ¨ ¢ à¥§ã«ìâ�â¥
á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï ®¡¥á¯¥ç¨¢�îâ á¢®¥¢à¥¬¥−−®¥ ¨−ä®à¬¨à®¢�−¨¥ ®¡á«ã-
¦¨¢�îé¥£® ¯¥àá®−�«� ® ¯®â¥−æ¨�«ì−ëå ã£à®§�å ˆ� ¨ ¯à¥¤®áâ�¢«ïîâ áà¥¤áâ¢�
à�§¡®à� ¨ «¨ª¢¨¤�æ¨¨ ¨−æ¨¤¥−â®¢ ˆ�.

3 Виртуализация сервисов обнаружения инцидентов информационной
безопасности

‚ −�áâ®ïé¥¥ ¢à¥¬ï áà¥¤áâ¢� SIEM âà�¤¨æ¨®−−® äã−ªæ¨®−¨àãîâ á®¢¬¥áâ−®
á ˆ‘, ¤«ï ª®â®à®© ®áãé¥áâ¢«ïîâ ¬®−¨â®à¨−£ ˆ�. �¤−�ª® ¬®¦−® ®â¬¥â¨âì,
çâ® ¢¥áì ®¯¨á�−−ë© ¢ëè¥ äã−ªæ¨®−�« ¨ áà¥¤áâ¢� ¥£® à¥�«¨§�æ¨¨ ¬®£ãâ ¡ëâì
à�§¬¥é¥−ë −� ã¤�«¥−−®¬ à¥áãàá¥, ¨¬¥îé¥¬ á¥â¥¢®© ¤®áâã¯ ª ª®¬¯®−¥−â�¬ ˆ‘.
�®íâ®¬ã á«¥¤ãîé¨¬ íâ�¯®¬ à�§¢¨â¨ï SIEM áâ�«� ¥£® à¥�«¨§�æ¨ï ª�ª ®¡«�ç−®£®
á¥à¢¨á� (cloud service). �¡«�ç−ë¥ â¥å−®«®£¨¨ ï¢«ïîâáï −� á¥£®¤−ïè−¨© ¤¥−ì
¡ëáâà®à�áâãé¨¬ á¥£¬¥−â®¬ àë−ª� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© [3, 4]. �¡«�ç-
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�. �. �®−¤�à¥−ª®, Š. ˆ. ‚®«®¢¨ç, ‚. �. Š®−¤à�è¥¢

−ë¥ â¥å−®«®£¨¨ ®á−®¢ë¢�îâáï −� ª®−æ¥¯æ¨¨ ¢¨àâã�«¨§�æ¨¨ ¢ëç¨á«¥−¨© ¨ ¯à¥¤®-
áâ�¢«¥−¨¨ �¡®−¥−â�¬ ãá«ã£ ¯® ®¡à�¡®âª¥, åà�−¥−¨î ¨ ¯¥à¥¤�ç¥ ¨−ä®à¬�æ¨¨
á ¨á¯®«ì§®¢�−¨¥¬ ¬®é−®áâ¥© –�„.

�¡ëç−® ¢ë¤¥«ïîâ âà¨ â¨¯� à¥áãàá®¢, ¯à¥¤®áâ�¢«ï¥¬ëå ®¡«�ç−ë¬ –�„
�¡®−¥−âã ¢ §�¢¨á¨¬®áâ¨ ®â ¥£® ¯®âà¥¡−®áâ¥© [5]:

(1) �� ª�ª á¥à¢¨á (Software as a Service | SaaS);
(2) ¯«�âä®à¬� ª�ª á¥à¢¨á (Platform as a Service | PaaS);
(3) ¨−äà�áâàãªâãà� ª�ª á¥à¢¨á (Infrastructure as a Service | IaaS).

‚ à�¬ª�å SaaS ¯®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¤®áâã¯ ª ®¯à¥¤¥«¥−−®¬ã ��
(ª�ª ¯à�¢¨«®, ¯à¨ª«�¤−®¬ã), äã−ªæ¨®−¨àãîé¥¬ã −� ¢¨àâã�«ì−®© ¨−äà�áâàãª-
âãà¥ –�„. �à¨ íâ®¬ á â®çª¨ §à¥−¨ï ¯®«ì§®¢�â¥«ï ®− ¯®«ãç�¥â ¯®«−ë© äã−ªæ¨-
®−�« �� á® á¢®¨¬¨ ¤�−−ë¬¨, −�áâà®©ª�¬¨ ¨ â. ¤., �−�«®£¨ç−ë¬¨ ¯®«ãç�¥¬ë¬
¯à¨ «®ª�«ì−®© ãáâ�−®¢ª¥ ��, � ¢á¥ ¬¥à®¯à¨ïâ¨ï ¯® íªá¯«ã�â�æ¨¨ �¯¯�à�â−®©
á®áâ�¢«ïîé¥© –�„, ®¡−®¢«¥−¨ï¬ ¯à¨ª«�¤−®£® ��, à¥§¥à¢−®¬ã ª®¯¨à®¢�−¨î
¨ ¢®ááâ�−®¢«¥−¨î ®áãé¥áâ¢«ïîâáï á¨«�¬¨ ®à£�−¨§�æ¨¨, ¯à¥¤®áâ�¢«ïîé¥© á¥à-
¢¨á.

�à¨¬¥à®¬ SaaS ¬®¦¥â á«ã¦¨âì ®¡«�ç−ë© á¥à¢¨á ®¯à¥¤¥«¥−¨ï ¯®¤®§à¨â¥«ì-
−ëå âà�−§�ªæ¨© ¯® ªà¥¤¨â−ë¬ ª�àâ�¬, ¨á¯®«ì§ã¥¬ë© ¬−®£¨¬¨ ¡�−ª�¬¨ ¯à¨ ®áã-
é¥áâ¢«¥−¨¨ ¯«�â¥¦¥©. „�−−ë© á¥à¢¨á ¯®§¢®«ï¥â ¡�−ªã ¯à¨ ¨−¨æ¨�æ¨¨ ª«¨¥−â®¬
¯«�â¥¦� ¯® ªà¥¤¨â−®© ª�àâ¥ ¯à®¢¥à¨âì ¤®áâ®¢¥à−®áâì §�¯à�è¨¢�¥¬®£® ¯«�â¥¦�
¢ à¥¦¨¬¥ ®−«�©− ¯à®áâë¬ ®¡à�é¥−¨¥¬ ª á®®â¢¥âáâ¢ãîé¥¬ã á¥à¢¨áã SaaS ç¥à¥§
ˆ−â¥à−¥â. �à¨ íâ®¬ ¡�−ª −¥ à�§¬¥é�¥â ã á¥¡ï −¨ª�ª¨å ¤®¯®«−¨â¥«ì−ëå �¯¯�à�â-
−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ ¨ −¥ −¥á¥â à�áå®¤®¢ ¯® ¯®¤¤¥à¦�−¨î ¨−äà�áâàãªâãàë.
„àã£¨¬ ¯à¨¬¥à®¬ SaaS ï¢«ï¥âáï ®¡«�ç−ë© ¢�à¨�−â 1‘:�ãå£�«â¥à¨¨.

‚ à�¬ª�å PaaS ¯®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï −¥ ª®−¥ç−®¥ ¯à¨ª«�¤−®¥ ��,
� ª®¬¯«¥ªá á¨áâ¥¬−®£® ��, á¥à¢¥à®¢ ¯à¨«®¦¥−¨© ¨ ¡�§ ¤�−−ëå, ¯®§¢®«ïîé¨å
à�§¢¥à−ãâì −� áà¥¤áâ¢�å –�„ á¢®¥ á®¡áâ¢¥−−®¥ ¯à¨ª«�¤−®¥ ��. �à¨ íâ®¬
¢®¯à®á�¬¨ íªá¯«ã�â�æ¨¨ á¨áâ¥¬−®£® �� ¨ á¥à¢¥à®¢ ¯à¨«®¦¥−¨© §�−¨¬�¥âáï
¯¥àá®−�« –�„.

‚ à�¬ª�å IaaS ¯®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¢¨àâã�«ì−�ï ¨−äà�áâàãªâã-
à�, ¯®§¢®«ïîé�ï ¯®«−®áâìî á®§¤�¢�âì á®¡áâ¢¥−−ãî ˆ‘, ¢ª«îç�ï à�§¢¥àâë¢�-
−¨¥ ®¯¥à�æ¨®−−ëå á¨áâ¥¬, á¥à¢¥à®¢ ¯à¨«®¦¥−¨©, ¡�§ ¤�−−ëå ¨ ¯à¨ª«�¤−®£®
��. �®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¯®«−�ï ¢®§¬®¦−®áâì �¤¬¨−¨áâà¨à®¢�−¨ï
¨ íªá¯«ã�â�æ¨¨ á®§¤�−−®£® ª®¬¯«¥ªá�. ‡®−� ®â¢¥âáâ¢¥−−®áâ¨ ¯¥àá®−�«� –�„
¢ ¤�−−®¬ á«ãç�¥ ®£à�−¨ç¨¢�¥âáï ¯®¤¤¥à¦�−¨¥¬ à�¡®â®á¯®á®¡−®áâ¨ ¢¨àâã�«ì−®©
¨−äà�áâàãªâãàë.

…á«¨ à�áá¬�âà¨¢�âì SIEM ª�ª ®¡«�ç−ë© á¥à¢¨á, â® ®ç¥¢¨¤−®, çâ® ®− ¯®«-
−®áâìî ãª«�¤ë¢�¥âáï ¢ ª®−æ¥¯æ¨î SaaS. „¥©áâ¢¨â¥«ì−®, ¯à®¢�©¤¥à á¥à¢¨á�
¬®¦¥â ¯®«−®áâìî à�§¢¥à−ãâì −� ¢¨àâã�«ì−®© ¨−äà�áâàãªâãà¥ áà¥¤áâ¢� SIEM,
¯¥à¥ç¨á«¥−−ë¥ ¢ à�§¤. 2, ¨ ¯à¥¤®áâ�¢¨âì ¯®«ì§®¢�â¥«î á¥à¢¨á� á®¡áâ¢¥−−ë©
íª§¥¬¯«ïà SIEM, ¢ª«îç�ï ¡�§ã ¤�−−ëå, áà¥¤áâ¢� á¡®à� ¨ ª®àà¥«ïæ¨¨ á®¡ëâ¨©
¨ ¯à®ç¨© ¨−áâàã¬¥−â�à¨© SIEM.
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Œ®−¨â®à¨−£ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ª�ª ®¡«�ç−ë© á¥à¢¨á

’�ª¨¥ á¨áâ¥¬ë ¢ −�áâ®ïé¥¥ ¢à¥¬ï á®§¤�−ë, ¨ ¯à®¢�©¤¥àë ¯à¥¤®áâ�¢«ïîâ
®¡«�ç−ë¥ ãá«ã£¨ ¯® ¬®−¨â®à¨−£ã ˆ�, −�§ë¢�ï ¨å ¨−®£¤� \SIEM as a Service",
çâ® ¢ á®ªà�é¥−¨¨ â�ª¦¥ §¢ãç¨â ª�ª SaaS.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® â�ª¨¥ á¨áâ¥¬ë ¤¥©áâ¢ãîâ ¯® â®¬ã ¦¥ ¯à¨−æ¨¯ã,
çâ® ¨ «®ª�«ì−® ãáâ�−®¢«¥−−ë¥ SIEM, â. ¥. á®¡¨à�îâ ¦ãà−�«ë ®â ª®¬¯®−¥−â®¢ ˆ‘
¨ ¯¥à¥¤�îâ ¨å ¢ ¡�§ã ¤�−−ëå á®¡ëâ¨©, à�á¯®«®¦¥−−ãî ¢ ®¡«�ª¥. ‘¡®à á®¡ëâ¨©
¬®¦¥â ®áãé¥áâ¢«ïâìáï ª�ª á¯¥æ¨�«ì−ë¬¨ �£¥−â�¬¨, ãáâ�−®¢«¥−−ë¬¨ ¢ ˆ‘, â�ª
¨ áà¥¤áâ¢�¬¨ á�¬®£® á¥à¢¨á�, ¨¬¥îé¨¬¨ ¤®áâã¯ ª ª®¬¯®−¥−â�¬ á¨áâ¥¬ë.

4 Структура облачного сервиса обнаружения инцидентов
информационной безопасности

�¯¨á�−−�ï ¢ à�§¤. 3 áå¥¬� à�¡®âë ®¡«�ç−®£® á¥à¢¨á� ®¡−�àã¦¥−¨ï ¨−æ¨¤¥−-
â®¢ ˆ� ¨¬¥¥â ®ç¥¢¨¤−ë© −¥¤®áâ�â®ª, á¢ï§�−−ë© á −¥®¡å®¤¨¬®áâìî ¯¥à¥¤�¢�âì
¢¥áì ®¡ê¥¬ ¯¥à¢¨ç−ëå ¤�−−ëå (á®¡ëâ¨©) ¨§ ˆ‘ ¢ ®¡«�ç−ë© á¥à¢¨á. „àã-
£¨¬ −¥¤®áâ�âª®¬ ¤�−−®© áâàãªâãàë ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ®âªàë¢�âì ¤®áâã¯
®¡«�ç−®¬ã á¥à¢¨áã ª ¡®«ìè®¬ã ª®«¨ç¥áâ¢ã ª®¬¯®−¥−â®¢ ˆ‘. ‚ á«ãç�¥ á «®-
ª�«ì−ë¬ à�á¯®«®¦¥−¨¥¬ SIEM ¨ ˆ‘ ¤�−−ë© �á¯¥ªâ −¥ ï¢«ï¥âáï ¯®¬¥å®© ¤«ï
¨á¯®«ì§®¢�−¨ï. Šà®¬¥ â®£®, ¯à¨ «®ª�«ì−®¬ à�á¯®«®¦¥−¨¨ ¨¬¥¥âáï ¢®§¬®¦−®áâì
¨á¯®«ì§®¢�−¨ï ¢ �−�«¨§¥ ¤�−−ëå ® ¢−ãâà¥−−¥¬ á¥â¥¢®¬ âà�ä¨ª¥, çâ® −¥¢®§¬®¦−®
¯à¨ ¨á¯®«ì§®¢�−¨¨ SaaS.

„«ï ¨áª«îç¥−¨ï ãª�§�−−®£® −¥¤®áâ�âª� ¯à¨ ¨á¯®«ì§®¢�−¨¨ SaaS ¯à¥¤«�£�-
¥âáï ¬®¤¨ä¨æ¨à®¢�âì á®áâ�¢ ¤�−−ëå, ¯¥à¥¤�¢�¥¬ëå ®â ˆ‘ ¢ ®¡«�ç−ë© SIEM.
„«ï íâ®£® ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ª®¬¯®−¥−â-¯®áà¥¤−¨ª SIEM (LOG-Proxy),
¢−¥¤àï¥¬ë© ¢ ˆ‘ ¨ ®áãé¥áâ¢«ïîé¨© á¡®à ¨ ¯à¥¤¢�à¨â¥«ì−ãî ®¡à�¡®âªã ¨−ä®à-
¬�æ¨¨ ® á®¡ëâ¨ïå, ¢ª«îç�ï §�¯¨á¨ ¢ á¨áâ¥¬−ëå ¨ ¯à¨ª«�¤−ëå ¦ãà−�«�å, � â�ª¦¥
(¯à¨ −¥®¡å®¤¨¬®áâ¨) ¤�−−ë¥ ® á¥â¥¢®¬ âà�ä¨ª¥. �®áà¥¤−¨ª ¬®¦¥â à�§¬¥é�âìáï
ª�ª −� ¤®¯®«−¨â¥«ì−® ¢ë¤¥«ï¥¬ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå (¨«¨ ¢¨àâã�«ì−ëå)
à¥áãàá�å ˆ‘, â�ª ¨ −� áãé¥áâ¢ãîé¨å ¬®é−®áâïå.

�à¥¤¢�à¨â¥«ì−�ï ®¡à�¡®âª� á®áâ®¨â ¢ â®¬, çâ® −� ®á−®¢¥ ¯¥à¢¨ç−ëå ¤�−-
−ëå LOG-Proxy ¤®«¦¥− ä®à¬¨à®¢�âì ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë, ¨−â¥£à�«ì−®
®¯¨áë¢�îé¨¥ á®áâ®ï−¨¥ ˆ�. ’�ª¨¥ ú®â¯¥ç�âª¨û â¥ªãé¥£® á®áâ®ï−¨ï ¦ãà−�«®¢
¨ á¥â¥¢®£® âà�ä¨ª�, §�−¨¬�îé¨¥ áãé¥áâ¢¥−−® ¬¥−ìè¨© ®¡ê¥¬, ç¥¬ ¯¥à¢¨ç−ë¥
¤�−−ë¥, ¤®«¦−ë ¯¥à¥¤�¢�âìáï ¢ ®¡«�ª® ¤«ï ¯®á«¥¤ãîé¥£® ª®àà¥«ïæ¨®−−®£®
�−�«¨§� á®¡ëâ¨© ¨ ¢ëï¢«¥−¨ï ¯à¨§−�ª®¢ −�àãè¥−¨ï ˆ�. �¡ê¥ªâë ¤®«¦−ë ä®à-
¬¨à®¢�âìáï LOG-Proxy −� ®á−®¢¥ ¯à�¢¨«, à�§¬¥é�¥¬ëå −� à�§¤¥«ï¥¬®¬ à¥áãàá¥
®¡«�ç−®£® á¥à¢¨á� SIEM ¨ à¥£ã«ïà−® ®¡−®¢«ï¥¬ëå ¯à®¨§¢®¤¨â¥«¥¬ SIEM ¢¬¥áâ¥
á è�¡«®−�¬¨ ãï§¢¨¬®áâ¥©.

5 Заключение

„«ï �¤�¯â�æ¨¨ áãé¥áâ¢ãîé¨å áà¥¤áâ¢ SIEM ª ãá«®¢¨ï¬ äã−ªæ¨®−¨à®¢�−¨ï
¢ ª�ç¥áâ¢¥ ®¡«�ç−®£® á¥à¢¨á� ¯à¥¤«�£�¥âáï ¨§¬¥−¨âì á¯®á®¡ á¡®à� ¨ ¯à¥¤®áâ�¢«¥-
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−¨ï ¤«ï �−�«¨§� ¯¥à¢¨ç−ëå ¤�−−ëå ¯ãâ¥¬ ¢−¥¤à¥−¨ï ¢ ˆ‘ ª®¬¯®−¥−â�-¯®áà¥¤-
−¨ª� LOG-Proxy, ®¡¥á¯¥ç¨¢�îé¥£® ¯à¥¤¢�à¨â¥«ì−ãî ®¡à�¡®âªã ¤�−−ëå ¯¥à¥¤
¯¥à¥¤�ç¥© ¨å ¢ SIEM.

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ¯®§¢®«ï¥â ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ®¡−�àã¦¥−¨ï ãï§-
¢¨¬®áâ¥© ®¡«�ç−ë¬ á¥à¢¨á®¬ §� áç¥â ¨á¯®«ì§®¢�−¨ï ¤�−−ëå ® á¥â¥¢®¬ âà�ä¨ª¥,
−¥¤®áâã¯−ëå ¯à¨ ¯àï¬®¬ ¯¥à¥−®á¥ äã−ªæ¨®−�«� SIEM ¢ ®¡«�ª®. Šà®¬¥ â®£®,
áãé¥áâ¢¥−−® á−¨¦�¥âáï −�£àã§ª� ¨ âà¥¡®¢�−¨ï ª ª�−�«�¬ á¢ï§¨ ¬¥¦¤ã SIEM-
¯à®¢�©¤¥à®¬ ¨ ¯®«ì§®¢�â¥«¥¬ §� áç¥â ã¬¥−ìè¥−¨ï ®¡ê¥¬� âà�ä¨ª�, ¯¥à¥¤�¢�¥¬®£®
¬¥¦¤ã −¨¬¨. �â−®á¨â¥«ì−ë¬ −¥¤®áâ�âª®¬ â�ª®£® ¯®¤å®¤� ¬®¦−® áç¨â�âì −¥®¡-
å®¤¨¬®áâì à�§à�¡®âç¨ªã SIEM á®§¤�¢�âì ¨ ¯®¤¤¥à¦¨¢�âì ú®¡«�ç−ãîû ¢¥àá¨î
á¢®¥£® ¯à®¤ãªâ�, ¢ª«îç�îéãî LOG-Proxy, � â�ª¦¥ ¨§¬¥−¥−−ãî ¡�§ã ¤�−−ëå
¨ áà¥¤áâ¢� ª®àà¥«ïæ¨¨ á®¡ëâ¨©. �¤−�ª® ¯à®¨§¢®¤¨â¥«¨ ®¡ëç−® ¨¤ãâ −� ¢ë¯ãáª
á¯¥æ¨�«ì−®© ¢¥àá¨¨ ��, ®à¨¥−â¨à®¢�−−®£® −� ¯à¨¬¥−¥−¨¥ ¢ ®¡«�ç−ëå á¥à¢¨-
á�å, ¯®íâ®¬ã §�¤�ç� â�ª®© ¤®à�¡®âª¨ −¥ ¢ëå®¤¨â §� à�¬ª¨ ®¡ëç−®© ¯à�ªâ¨ª¨
à�§à�¡®âª¨ �� SaaS −� ¡�§¥ áãé¥áâ¢ãîé¨å «®ª�«ì−ëå ¯à®¤ãªâ®¢.
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MONITORING OF INFORMATION SECURITY
AS A CLOUD SERVICE
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Abstract: The article considers aspects and issues of information security mon-
itoring through systems SIEM (Security information and event management) as
a service. Service is provided by the cloud data center. Quality assurance monitor-

174 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 3



Monitoring of information security as a cloud service

ing services in the cloud requires some modification of the traditional procedure
of collecting and processing data in SIEM. Using specialized mediations primary
data collection allows receiving comparable quality of monitoring of information
security between local and clouding SIEM.

Keywords: SIEM; cloud; cloud service; monitoring of information security;
virtualization
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АВТОМАТИЗИРОВАННАЯ ИНФОРМАЦИОННАЯ СИСТЕМА
КОМПЛЕКСНОГО МОНИТОРИНГА

ТЕЛЕКОММУНИКАЦИОННОЙ СЕТИ∗

А. А. Сорокин1, А. Г. Тарасов2, С. П. Королёв3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë á®§¤�−¨ï ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë,
¯à¥¤−�§−�ç¥−−®© ¤«ï ®æ¥−ª¨ á®áâ®ï−¨ï á¥â¨ ¯¥à¥¤�ç¨ ¤�−−ëå c ¨á¯®«ì§®¢�-
−¨¥¬ ¯à®â®ª®«®¢ SNMP (Simple Network Management Protocol) ¨ NetFlow.
�à¥¤«®¦¥−� ª®−æ¥¯æ¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¤«ï ª®à¯®à�â¨¢−®© á¥â¨ ¯¥à¥¤�-
ç¨ ¤�−−ëå, ¯®áâà®¥−−®© −� ®á−®¢¥ â®¯®«®£¨¨ ú§¢¥§¤�û ¨ ®¯à¥¤¥«¥−ë ¡�§®¢ë¥
âà¥¡®¢�−¨ï ª −¥©. �à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ ¯à®£à�¬¬−®© ¯«�âä®à¬ë, à�§à�-
¡®â�−−®© −� ®á−®¢¥ ®âªàëâëå áâ�−¤�àâ®¢ ¨ â¥å−®«®£¨© ¨ á®áâ®ïé¥© ¨§ −�¡®à�
á¯¥æ¨�«¨§¨à®¢�−−ëå ª®¬¯ìîâ¥à−ëå ¬®¤ã«¥©, ¨−â¥£à¨à®¢�−−ëå á á¨áâ¥¬®©
Zabbix. �−¨ ¯®§¢®«ïîâ ¢ à�¬ª�å ¥¤¨−®£® ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�
¯à®¢®¤¨âì ª®¬¯«¥ªá−ë© �−�«¨§ á®áâ®ï−¨ï á¥â¨ ¯¥à¥¤�ç¨ ¤�−−ëå. �¯¨á�−�
á¨áâ¥¬� �àå¨¢�æ¨¨ ¨−áâàã¬¥−â�«ì−ëå ¤�−−ëå ¨ à¥§ã«ìâ�â®¢ ¨å ®¡à�¡®âª¨,
®¡¥á¯¥ç¨¢�îé�ï ¬�ªá¨¬�«ì−ãî áª®à®áâì ®¡à�¡®âª¨ ¤�−−ëå ª�ª ¢ à¥¦¨¬¥
®¯¥à�â¨¢−ëå −�¡«î¤¥−¨©, â�ª ¨ à¥âà®á¯¥ªâ¨¢−®£® �−�«¨§�. �à¨¢¥¤¥− ¯à¨¬¥à
�¯à®¡�æ¨¨ á®§¤�−−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢ −� ®á−®¢¥ ÷¥£¨®−�«ì−®© ª®¬¯ìî-
â¥à−®© á¥â¨ (÷Š‘) „‚� ÷��.

Š«îç¥¢ë¥ á«®¢�: ª®à¯®à�â¨¢−�ï á¥âì ¯¥à¥¤�ç¨ ¤�−−ëå; ¨−ä®à¬�æ¨®−−�ï
á¨áâ¥¬�; á¥â¥¢®© ¬®−¨â®à¨−£; SNMP; NetFlow; Zabbix; ¯à®â®ª®«; á¨áâ¥¬�
ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå
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1 Введение

‘ à�§¢¨â¨¥¬ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©, ¨−ä®à¬�æ¨®−−ëå á¥à¢¨á®¢, � â�ª-
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�¢â®¬�â¨§¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ª®¬¯«¥ªá−®£® ¬®−¨â®à¨−£� á¥â¨

¢−¥¤à¥−¨ï á¨áâ¥¬ ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï á¥âìî, ª®â®àë¥ ¤®«¦−ë ¨−ä®à¬¨-
à®¢�âì �¤¬¨−¨áâà�â®à®¢ á¥â¨ ® ¯à®¡«¥¬−ëå á¨âã�æ¨ïå (á®¡ëâ¨ïå), ¢®§−¨ª�îé¨å
¢á«¥¤áâ¢¨¥ ®è¨¡®ª áà¥¤áâ¢ á¢ï§¨, ¨á¯®«ì§®¢�−¨ï ¯à¨ª«�¤−ëå ¨−ä®à¬�æ¨®−-
−ëå á¥à¢¨á®¢, £¥−¥à¨àãîé¨å ¡®«ìè®¥ ç¨á«® á®¥¤¨−¥−¨©, ¯à®¡«¥¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ â. ¯. “ª�§�−−ë¥ á¨áâ¥¬ë ¤®«¦−ë ®¡«�¤�âì
¨−áâàã¬¥−â�¬¨ ¤«ï ¯à®¢¥¤¥−¨ï ª�ç¥áâ¢¥−−®£® ¨ ª®«¨ç¥áâ¢¥−−®£® �−�«¨§� âà�ä¨-
ª� á¥â¨, ®æ¥−ª¨ á®áâ®ï−¨ï ª®¬¯®−¥−â®¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®©
¨−äà�áâàãªâãàë.

‚ëï¢«¥−¨¥ �−®¬�«ì−ëå á®¡ëâ¨© ¢ à�¡®â¥ á¥â¨ ¯®§¢®«ï¥â á¢®¥¢à¥¬¥−−® ãáâà�-
−¨âì ¨«¨ ¬¨−¨¬¨§¨à®¢�âì ¯à®¡«¥¬ã ¨ â¥¬ á�¬ë¬ ®¡¥á¯¥ç¨âì −�¤«¥¦�é¨© ãà®¢¥−ì
á¥à¢¨á� ª�ª ¤«ï à�¡®âë ª®−¥ç−ëå ¯®âà¥¡¨â¥«¥©, ¨á¯®«ì§ãîé¨å áâ�−¤�àâ−ë¥
¯®«ì§®¢�â¥«ìáª¨¥ ¯à¨«®¦¥−¨ï, â�ª ¨ ¨−ä®à¬�æ¨®−−ëå á¥à¢¨á®¢ (GRID, á¨á-
â¥¬ë ¢¨¤¥®-ª®−ä¥à¥−æ-á¢ï§¨ ¨ ¤à.), ¤«ï à�¡®âë ª®â®àëå âà¥¡ãîâáï à¥áãàáë
á £�à�−â¨à®¢�−−®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî. ÷¥è¥−¨¥ ¢ëè¥¯¥à¥ç¨á«¥−−ëå §�-
¤�ç á¢ï§�−® á ¯à®¢¥¤¥−¨¥¬ −¥ â®«ìª® â¥å−¨ç¥áª¨å, −® ¨ ¨áá«¥¤®¢�â¥«ìáª¨å à�¡®â,
â�ª¨å ª�ª �−�«¨§ ¯®â®ª®¢ ¤�−−ëå, à�§à�¡®âª� ¨«¨ �¤�¯â�æ¨ï �«£®à¨â¬®¢ ¨å ®¡à�-
¡®âª¨ ¨ â. ¯. �à¨ íâ®¬ ¢�¦−ë¬ ¨áå®¤−ë¬ ¬�â¥à¨�«®¬ ¤«ï ¢ë¯®«−¥−¨ï íâ¨å à�¡®â
ï¢«ï¥âáï ¨−áâàã¬¥−â�«ì−�ï ¨−ä®à¬�æ¨ï, ¯®«ãç�¥¬�ï ¢ à¥§ã«ìâ�â¥ ®æ¥−ª¨ à�¡®âë
á¥â¨ á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨�«¨§¨à®¢�−−ëå á¥â¥¢ëå ¯à®â®ª®«®¢, áà¥¤¨ ª®â®àëå
−�¨¡®«¥¥ ¢®áâà¥¡®¢�−−ë¬¨ ï¢«ïîâáï SNMP [1, 2], NetFlow [3], ICMP (Inter-
net Control Message Protocol) [4]. �¥à¢ë© ¯à¥¤áâ�¢«ï¥â á®¡®© ¨¥à�àå¨ç¥áªãî
á¨áâ¥¬ã à�§«¨ç−ëå áç¥âç¨ª®¢ ¨ áà¥¤áâ¢� ã¯à�¢«¥−¨ï ãáâà®©áâ¢�¬¨, ¢â®à®© |
¯à®â®ª®« ¤«ï ãç¥â� ª�ç¥áâ¢¥−−ëå ¨ ª®«¨ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥© âà�ä¨ª� á¥â¨.
�à®â®ª®« ICMP ¨á¯®«ì§ã¥âáï, ¢ ç�áâ−®áâ¨, ¤«ï ª®−âà®«ï ¤®áâã¯−®áâ¨ å®áâ®¢
¢ IP-á¥â¨. �� ¡�§¥ íâ¨å ¨ ¤àã£¨å ¯à®â®ª®«®¢ à�¡®â�îâ ¬−®£®ç¨á«¥−−ë¥ á¨áâ¥¬ë
¬®−¨â®à¨−£� ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë (Ganglia,
Nagios, Zabbix, Netams ¨ ¤à.). �®«ìè¨−áâ¢® ¨§ −¨å ¯®¬¨¬® ¨−áâàã¬¥−â®¢ ãç¥â� ¨
¢¨§ã�«¨§�æ¨¨ á®áâ®ï−¨ï á¥â¨ ¯®§¢®«ïîâ á®§¤�¢�âì è�¡«®−ë ¯®¢¥¤¥−¨ï ¨ à¥�ªæ¨¨
−� ¢®§−¨ª�îé¨¥ á®¡ëâ¨ï.

Š�ª ¯à�¢¨«®, á¨áâ¥¬ë ¬®−¨â®à¨−£� ¤®áâ�â®ç−® íää¥ªâ¨¢−® à¥è�îâ §�¤�ç¨
á¡®à� ¨ ®¡à�¡®âª¨ ¤�−−ëå ¢ á¢®¥© ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®© ®¡«�áâ¨. ��¯à¨¬¥à,
Ganglia [5] ®à¨¥−â¨à®¢�−� −� à�¡®âã ¢ á¥â¨ ¢ëç¨á«¨â¥«ì−®£® ª«�áâ¥à�. �®íâ®¬ã,
ª�ª ¯à�¢¨«®, â�ª¨¥ á¨áâ¥¬ë −¥ ®¡«�¤�îâ ¢®§¬®¦−®áâìî ¢§�¨¬®¤¥©áâ¢¨ï ¤àã£
á ¤àã£®¬ −� ãà®¢−¥ á¥à¢¨á®¢, çâ® ¨áª«îç�¥â ¢§�¨¬−®¥ ¨á¯®«ì§®¢�−¨¥ à�§«¨ç−ëå
�àå¨¢®¢ ¤�−−ëå ¨ áà¥¤áâ¢ ¨å ¨−â¥à¯à¥â�æ¨¨. ’�ª¨¬ ®¡à�§®¬, ¤«ï ¯®¤¤¥à¦-
ª¨ ¨ ª®¬¯«¥ªá−®© ®æ¥−ª¨ äã−ªæ¨®−¨à®¢�−¨ï á¥â¨ ¨ ¥¥ à¥áãàá®¢ −¥®¡å®¤¨¬®
¯®¤¤¥à¦¨¢�âì ¨ à�¡®â�âì á ¬−®¦¥áâ¢®¬ à�§«¨ç−ëå á¯¥æ¨�«¨§¨à®¢�−−ëå ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬. �â® á®§¤�¥â ®ç¥¢¨¤−ë¥ ®£à�−¨ç¥−¨ï ¨ −¥ã¤®¡áâ¢�, ª®â®àë¥
¯à¨¢®¤ïâ ª á−¨¦¥−¨î áª®à®áâ¨ à¥�ªæ¨¨ −� ¢®§−¨ª�îé¨¥ ¨−æ¨¤¥−âë ¨ ã¢¥«¨ç¥-
−¨î ¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï ®è¨¡ª¨ �¤¬¨−¨áâà�â®à� ¯à¨ à�¡®â¥ á ¡®«ìè¨¬
ç¨á«®¬ ¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢.

�¥á¬®âàï −� ¬−®£®®¡à�§¨¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨
−¥â ®âªàëâëå à¥è¥−¨©, ª®â®àë¥ ¡ë ¨−â¥£à¨à®¢�«¨ −� ®¤−®© ¯à®£à�¬¬−®© ¯«�â-
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ä®à¬¥ ¨−áâàã¬¥−âë ¤«ï à�¡®âë á ¯à®â®ª®«�¬¨ SNMP ¨ NetFlow á ¢®§¬®¦−®áâìî
æ¥−âà�«¨§®¢�−−®© ®¡à�¡®âª¨ ¤�−−ëå, ¯®«ãç�¥¬ëå ®â áà¥¤áâ¢ ã¯à�¢«¥−¨ï á¥âìî.
‘®¢¬¥áâ−ë© �−�«¨§ ¤�−−ëå ª�ª ¬¨−¨¬ã¬ íâ¨å ¤¢ãå ¯à®â®ª®«®¢ ¯®§¢®«¨â ¯®«ã-
ç¨âì ª�ç¥áâ¢¥−−ë¥ ¨ ª®«¨ç¥áâ¢¥−−ë¥ ¯®ª�§�â¥«¨ äã−ªæ¨®−¨à®¢�−¨ï á¥â¨ ¨ ¡®«¥¥
íää¥ªâ¨¢−® ¢ëï¢«ïâì á«ãç�¨ ¢®§¤¥©áâ¢¨ï −� −¥¥.

‚ ‚ëç¨á«¨â¥«ì−®¬ æ¥−âà¥ (‚–) „‚� ÷�� ¢¥¤ãâáï à�¡®âë ¯® á®§¤�−¨î ¯à®-
â®â¨¯� �¢â®¬�â¨§¨à®¢�−−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ª®¬¯«¥ªá−®£® ¬®−¨â®à¨−-
£� á¥â¨ (¤�«¥¥ | �ˆ‘ŠŒ‘), ¯à¥¤−�§−�ç¥−−®© ¤«ï à¥è¥−¨ï §�¤�ç ¬®−¨â®à¨−£�
â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨ á ¨á¯®«ì§®¢�−¨¥¬ ¯à®â®ª®«®¢ SNMP (¢¥àá¨¨ 2)
¨ NetFlow (nonsampled, ¢¥àá¨¨ 5) [6].

2 Концепция комплексного мониторинга сети

÷�§−ë¥ ¢¨¤ë â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© ¨¬¥îâ á¢®¨ æ¥«¨, §�¤�ç¨ ¨ −�§−�-
ç¥−¨¥. ˆáå®¤ï ¨§ íâ®£®, ¯à¨ ¨å á®§¤�−¨¨ ¨á¯®«ì§ãîâáï â¥ ¨«¨ ¨−ë¥ â¥å−®«®£¨¨
¯¥à¥¤�ç¨ ¤�−−ëå, ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ®¯à¥¤¥«ïîâáï
âà¥¡®¢�−¨ï ª −�¤¥¦−®áâ¨ ¨ áà®ª�¬ à¥�£¨à®¢�−¨ï −� ¢®§−¨ª�îé¨¥ ¨−æ¨¤¥−âë.
‚ á¢ï§¨ á íâ¨¬ á¨áâ¥¬� ¬®−¨â®à¨−£� ¤®«¦−� ãç¨âë¢�âì ®á®¡¥−−®áâ¨ á¥â¨, ¤«ï
ª®â®à®© ®−� á®§¤�¥âáï.

÷�§à�¡�âë¢�¥¬�ï �ˆ‘ŠŒ‘ ®à¨¥−â¨à®¢�−� −� à�¡®âã ¢ ª®à¯®à�â¨¢−ëå á¥-
âïå, ¯®áâà®¥−−ëå −� ®á−®¢¥ â®¯®«®£¨¨ ú§¢¥§¤�û á® áâàãªâãà®© ã¯à�¢«¥−¨ï,
®âà�¦¥−−®© −� à¨á. 1.

’�ª�ï á¥âì ®¡ê¥¤¨−ï¥â á«¥¤ãîé¨¥ ãá«®¢−ë¥ ¡�§®¢ë¥ í«¥¬¥−âë:

(1) á¥£¬¥−â á¥â¨ (a), á®áâ®ïé¨© ¨§ «®ª�«ì−ëå á¥â¥© ®à£�−¨§�æ¨© ¨«¨ £àã¯¯
¯®«ì§®¢�â¥«¥©, −�å®¤ïé¨åáï ¢ ®â¤¥«ì−ëå à¥£¨®−�å ¨«¨ ¢ë¤¥«¥−−ëå ¤«ï
¯à®¨§¢®¤áâ¢¥−−®© −¥®¡å®¤¨¬®áâ¨;

(2) æ¥−âà ¤�−−ëå (b), ®¡¥á¯¥ç¨¢�îé¨© ¯®¤¤¥à¦ªã æ¥−âà�«¨§®¢�−−ëå á¨áâ¥¬-
−ëå ¨ ¯à¨ª«�¤−ëå ¨−ä®à¬�æ¨®−−ëå á¥à¢¨á®¢ ¨ á¨áâ¥¬ á¥â¨ (DNS (domain
name system), www (world-wide web), mail ¨ â. ¯.);

(3) ¯¥à¨¬¥âà (c), à¥è�îé¨© §�¤�ç¨ ¨−â¥£à�æ¨¨ à�§−ëå á¥£¬¥−â®¢ ¨ ¨å ¤®áâã¯�
¢ £«®¡�«ì−ë¥ á¥â¨.

�æ¥−ª� ¨ ª®−âà®«ì à�¡®âë íâ¨å ç�áâ¥© áâà®¨âáï −� ®á−®¢¥ ¤�−−ëå ® á®áâ®ï−¨¨
®¡®àã¤®¢�−¨ï á¢ï§¨ (¨−â¥àä¥©áë, §�£àã§ª� ¯à®æ¥áá®à�, ¨á¯®«ì§®¢�−¨¥ ¯�¬ïâ¨,
à�¡®â� ¨−¦¥−¥à−ëå ¡«®ª®¢, á®áâ®ï−¨¥ ®ªàã¦�îé¥© áà¥¤ë ¨ â. ¯.), � â�ª¦¥ å�-
à�ªâ¥à¨áâ¨ª�å ¯®â®ª®¢ ¤�−−ëå ¬¥¦¤ã −¨¬¨ (®¡ê¥¬ë ¯¥à¥¤�¢�¥¬®© ¨−ä®à¬�æ¨¨,
¢¨¤ë ¯à®â®ª®«®¢, á¥â¥¢ë¥ á®¥¤¨−¥−¨ï ¨ â. ¯.). �à¨ ¨á¯®«ì§®¢�−¨¨ ®¤¨−�ª®¢®-
£® −�¡®à� ¨áå®¤−ëå ¨−áâàã¬¥−â�«ì−ëå ¤�−−ëå ª�¦¤�ï ç�áâì á¥â¨, ¨áå®¤ï ¨§
à¥è�¥¬ëå §�¤�ç, âà¥¡ã¥â ä®à¬¨à®¢�−¨ï ®â¤¥«ì−ëå ¯à�¢¨« à¥�£¨à®¢�−¨ï, á®-
áâ�¢«¥−−ëå ¨§ ®¯à¥¤¥«¥−−®£® ç¨á«� ¨ ¢¨¤®¢ ¯�à�¬¥âà®¢ ¨ ¢à¥¬¥−¨ à¥�ªæ¨¨ −�
−¨å.
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÷¨á. 1 ’¨¯®¢�ï áå¥¬� ª®à¯®à�â¨¢−®© á¥â¨

„«ï à¥è¥−¨ï íâ¨å §�¤�ç �ˆ‘ŠŒ‘ ¤®«¦−� ®¡¥á¯¥ç¨âì:

{ á¡®à ¨−áâàã¬¥−â�«ì−ëå ¤�−−ëå á ã¯à�¢«ïîé¨å ã§«®¢ á¥â¨ ¯® à�§«¨ç−ë¬
¯à®â®ª®«�¬ ¨ ¯¥à¥¤�çã ¨å ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ¢ á¯¥æ¨�«¨§¨à®¢�−−ë© ª®«-
«¥ªâ®à ¨«¨ ¡�§ã ¤�−−ëå;

{ ä®à¬¨à®¢�−¨¥ áâàãªâãà¨à®¢�−−ëå �àå¨¢®¢ ¤�−−ëå á ¯¥à¢¨ç−®© ¨−ä®à¬�æ¨-
¥© ¨ à¥§ã«ìâ�â�¬¨ ¥¥ ®¡à�¡®âª¨, ®¡¥á¯¥ç¥−¨¥ ¨å á®åà�−−®áâ¨ ¨ ¤®áâã¯−®áâ¨;

{ ¯à¥¤®áâ�¢«¥−¨¥ ¨−áâàã¬¥−â®¢ ¤«ï ®¡à�¡®âª¨ ¨ á®¢¬¥áâ−®£® �−�«¨§� à�§−ëå
¨−áâàã¬¥−â�«ì−ëå ¤�−−ëå á æ¥«ìî ¯®«ãç¥−¨ï ®æ¥−ª¨ á®áâ®ï−¨ï ª�ª á¥â¨ ¢ æ¥-
«®¬, â�ª ¨ ®â¤¥«ì−ëå ¥¥ ç�áâ¥© á ¢®§¬®¦−®áâìî ¨§¬¥−¥−¨ï ç¨á«� ¯�à�¬¥âà®¢,
¯® ª®â®àë¬ ¡ã¤¥â ¯à®¨§¢®¤¨âìáï â�ª®© �−�«¨§;

{ áà¥¤áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå ¨ ¯®áâà®¥−¨ï ª�àâ á¥â¨;
{ ®¯®¢¥é¥−¨¥ §�¨−â¥à¥á®¢�−−ëå «¨æ ® ¢®§−¨ª�îé¨å á®¡ëâ¨ïå ¯® §�à�−¥¥

§�¤�−−ë¬ è�¡«®−�¬ ¨ ¯à�¢¨«�¬ (−�£àã§ª�, áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå, ¯à¥-
¢ëè¥−¨¥ ªà¨â¨ç¥áª®£® ç¨á«� ®è¨¡®ª ¯® ®¯à¥¤¥«¥−−ë¬ ¯�à�¬¥âà�¬ ¨ â. ¯.);

{ −�«¨ç¨¥ ¬�áèâ�¡¨àã¥¬®© ¯à®£à�¬¬−®© �àå¨â¥ªâãàë, ¯®§¢®«ïîé¥© ¤®¡�¢-
«ïâì ¢ ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã ¯®¤¤¥à¦ªã −®¢ëå ¯à®â®ª®«®¢ ¬®−¨â®à¨−£�
¨ ¨−áâàã¬¥−â®¢ ¤«ï à�¡®âë á ¨−áâàã¬¥−â�«ì−ë¬¨ ¤�−−ë¬¨.
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‚ ª�ç¥áâ¢¥ ï¤à� ¯«�âä®à¬ë, á®§¤�¢�¥¬®© �ˆ‘ŠŒ‘, ¨á¯®«ì§®¢�− á¢®¡®¤−®
à�á¯à®áâà�−ï¥¬ë© («¨æ¥−§¨ï GPL v2) ¯à®£à�¬¬−ë© ¯à®¤ãªâ Zabbix1 [7]. �−
¯à¥¤®áâ�¢«ï¥â áà¥¤áâ¢� ¬®−¨â®à¨−£� á¥â¨ ¯® ¯à®â®ª®«�¬ SNMP ¨ IPMI (Intel-
ligent Platform Management Interface), � â�ª¦¥ ¨−â¥àä¥©á ¯à®£à�¬¬¨à®¢�−¨ï
¯à¨«®¦¥−¨© (API) ¤«ï à�§à�¡®âª¨ ¢¨¤¦¥â®¢ ¢¨§ã�«¨§�æ¨¨, ¤®áâã¯� ª �àå¨¢�¬
¤�−−ëå ¨ ¨−áâàã¬¥−â�¬ ¤«ï à�¡®âë á −¨¬¨. �� íâ®© ®á−®¢¥ �¢â®à�¬¨ à�§à�¡®â�−
−�¡®à ª®¬¯ìîâ¥à−ëå ¬®¤ã«¥©, ª®â®àë¥ à¥�«¨§ãîâ â¥å−®«®£¨¨ à�¡®âë á ¤�−−ë¬¨
NetFlow ¨ ®¡¥á¯¥ç¨¢�îâ ¨å ¨−â¥£à�æ¨î á à¥áãàá�¬¨ Zabbix, ®¡à�§ãï ¥¤¨−ãî
¨−ä®à¬�æ¨®−−ãî áà¥¤ã.

3 Архитектура автоматизированной информационной системы
комплексного мониторинга сети

�¢â®¬�â¨§¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ª®¬¯«¥ªá−®£® ¬®−¨â®à¨−£�
á¥â¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ª®¬¯«¥ªá á¯¥æ¨�«¨§¨à®¢�−−ëå ª®¬¯ìîâ¥à−ëå ¯à®£à�¬¬
(¬®¤ã«¥©), ¢§�¨¬®¤¥©áâ¢ãîé¨å ¤àã£ á ¤àã£®¬ á ¨á¯®«ì§®¢�−¨¥¬ �àå¨â¥ªâãàë
ª«¨¥−â{á¥à¢¥à (à¨á. 2).

÷¨á. 2 ‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï ¬®¤ã«¥© �ˆ‘ŠŒ‘

1http://www.zabbix.com.
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3.1 Модуль сбора исходных инструментальных данных мониторинга

‘¨áâ¥¬� ¯à¥¤−�§−�ç¥−� ¤«ï à�¡®âë á ¤¢ã¬ï ¡�§®¢ë¬¨ ¯à®â®ª®«�¬¨ ¬®−¨â®-
à¨−£� | SNMP ¨ NetFlow. �� ãáâà®©áâ¢�å á¥â¨ (network node) ¯à®¨§¢®¤ïâáï
èâ�â−ë¥ −�áâà®©ª¨, á¢ï§�−−ë¥ á ®¡¥á¯¥ç¥−¨¥¬ ¯®¤¤¥à¦ª¨ ãª�§�−−ëå ¯à®â®ª®-
«®¢, §�¤�−¨¥¬ ¯�à�¬¥âà®¢ ¯®áâ�¢ª¨ ¤�−−ëå ¨ ¯à�¢¨« ¡¥§®¯�á−®áâ¨.

„�−−ë¥ SNMP á®¡¨à�îâáï á ãáâà®©áâ¢ á¥â¨, ®¡à�¡�âë¢�îâáï ¨ ¯®¬¥é�îâáï
¢ �àå¨¢ á¨áâ¥¬ë, à¥�«¨§®¢�−−ë© −� ®á−®¢¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå
(‘“�„) PostgreSQL, èâ�â−ë¬¨ áà¥¤áâ¢�¬¨ Zabbix.

„«ï ¯à¨¥¬� ¨ åà�−¥−¨ï ¤�−−ëå NetFlow ®à£�−¨§®¢�− ª®««¥ªâ®à −� ®á−®¢¥
¯�ª¥â� nfcapd1. „«ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨© á §�¯¨áï¬¨ à�§à�¡®â�− ¯à®£à�¬¬−ë©
¬®¤ã«ì ZbxFlowCollect. �− ã¯à�¢«ï¥âáï ¬�áâ¥à-¯à®æ¥áá®¬ Zabbix ¨ à¥è�¥â
§�¤�ç¨ ¯à®¢¥àª¨ ¨áå®¤−ëå ¤�−−ëå ¨ ¨å ¯¥à¥¤�ç¨ ¨§ ª®««¥ªâ®à� NetFlow ¢ ‘“�„
PostgreSQL. ‘å¥¬� ¤�−−ëå åà�−¥−¨ï §�¯¨á¥© NetFlow ¯à¥¤áâ�¢«¥−� −� à¨á. 3.

„«ï ¬¥¦¯à®æ¥áá−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ¯®§¢®«ïîé¥£® ZbxFlowCollect ¯®«ã-
ç�âì −�¡®àë ¤�−−ëå NetFlow ®â nfcapd, ¨á¯®«ì§ã¥âáï ¯à®£à�¬¬−�ï ª®¬¯®−¥−â�,
®á−®¢�−−�ï −� unix pipe [8].

÷¨á. 3 ‘å¥¬� ¡�§ë ¤�−−ëå PostgreSQL ¤«ï åà�−¥−¨ï §�¯¨á¥© �ˆ‘ŠŒ‘

1http://nfdump.sourceforge.net.
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3.2 Модуль анализа данных мониторинга

„«ï �−�«¨§� ¤�−−ëå NetFlow à�§à�¡®â�− ¬®¤ã«ì ZbxFlowAnalyze. �− ¯®-
§¢®«ï¥â á®§¤�¢�âì è�¡«®−ë ¤«ï �¢â®¬�â¨ç¥áª®© íªá¯à¥áá-®æ¥−ª¨ ¤�−−ëå ¬®−¨-
â®à¨−£� á æ¥«ìî ¢ëï¢«¥−¨ï à�§«¨ç−ëå á®¡ëâ¨©, â�ª¨å ª�ª ¢¨àãá−�ï �ªâ¨¢−®áâì,
áª�−¨à®¢�−¨¥ á¥à¢¨á®¢ ¨ ãáâà®©áâ¢ ‘¥â¨, DDoS (Distributed Denial of Service)
�â�ª¨ −� ¯¥à¨¬¥âà ¨ â. ¯. �� ®á−®¢¥ §�¤�−−ëå ¯à�¢¨« ¬®¤ã«ì ¯à®¨§¢®¤¨â �−�«¨§
§�£®«®¢ª®¢ ¯�ª¥â®¢ ç¥â¢¥àâ®£® ãà®¢−ï ¬®¤¥«¨ OSI (open systems interconnec-
tion) [9], −�å®¤ïé¨åáï ¢ ®¯¥à�â¨¢−®¬ ¡ãä¥à¥ á¨áâ¥¬ë.

�à¨ ®¡−�àã¦¥−¨¨ á®¢¯�¤¥−¨ï £¥−¥à¨àã¥âáï á®®â¢¥âáâ¢ãîé¥¥ ã¢¥¤®¬«¥−¨¥
á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¯«�âä®à¬ë Zabbix (à¨á. 4).

÷¨á. 4 ‘å¥¬� ®â¯à�¢ª¨ ã¢¥¤®¬«¥−¨ï ® á®¡ëâ¨¨ ¬®¤ã«ï ZbxFlowAnalyze

‚ ¬®¤ã«¥ ¯®¬¨¬® ¨á¯®«ì§®¢�−¨ï áãé¥áâ¢ãîé¨å �«£®à¨â¬®¢ ¨ ¬¥â®¤¨ª à�¡®âë
á ¤�−−ë¬¨ NetFlow [10, 11] §�«®¦¥−� ¢®§¬®¦−®áâì ¯®¤ª«îç¥−¨ï ¤®¯®«−¨â¥«ì−ëå
á¨áâ¥¬, ¯®§¢®«ïîé¨å à¥è�âì ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ë¥ §�¤�ç¨ ¬®−¨â®à¨−£�.

3.3 Модуль ZbxFlowView

„«ï à�¡®âë á á®§¤�−−ë¬¨ ¬®¤ã«ï¬¨ à¥�«¨§®¢�− −�¡®à ¢¥¡-¨−â¥àä¥©á®¢
¢ ¢¨¤¥ ¥¤¨−®£® ¬®¤ã«ï ZbxFlowView. �− ¯®§¢®«ï¥â ¯à®¨§¢®¤¨âì −�áâà®©ªã
�ˆ‘ŠŒ‘, � â�ª¦¥ à�¡®âã á ¨−áâàã¬¥−â�«ì−ë¬¨ ¤�−−ë¬¨ ¨ à¥§ã«ìâ�â�¬¨ ¨å
®¡à�¡®âª¨.

ˆ−â¥àä¥©á ¢ë¯®«−¥− ª�ª ç�áâì ¥¤¨−®£® ¢¥¡-¨−â¥àä¥©á� Zabbix −� ®á−®¢¥ ¥£®
¯à®£à�¬¬−ëå ª«�áá®¢ ¨ ¢¨¤¦¥â®¢ (CWidget, CTag) ¨ äã−ªæ¨®−¨àã¥â ¢ à�¬ª�å
®¡é¥© ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨, â. ¥. ¥¤¨−®© á¨áâ¥¬ë à®«¥© ¯®«ì§®¢�â¥«¥© ¨ ¯à�¢
¤®áâã¯� ª ¤�−−ë¬. ‚ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª� ¨−ä®à¬�æ¨¨ ¤«ï £¥−¥à�æ¨¨ áâà�−¨æ
¢ëáâã¯�¥â ‘“�„ PostgreSQL, ªã¤� ¯®áâã¯�¥â ¢áï ¨−ä®à¬�æ¨ï ®â ¬®¤ã«¥©
�ˆ‘ŠŒ‘.

4 Система архивации данных автоматизированной информационной
системы комплексного мониторинга сети

÷�¡®â� á ¤�−−ë¬¨ à¥�«ì−®£® ¢à¥¬¥−¨, åà�−¥−¨¥ §−�ç¥−¨© à�§«¨ç−ëå ¯®ª�§�-
â¥«¥© ¨ áâ�â¨áâ¨ª¨ âà¥¡ãîâ á®®â¢¥âáâ¢ãîé¨å ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¨ á¨áâ¥¬
åà�−¥−¨ï. �®íâ®¬ã ¯à¨ −�áâà®©ª¥ á¨áâ¥¬ë ¬®−¨â®à¨−£� ¢�¦−® ®¯à¥¤¥«¨âì ¯¥à¥-
ç¥−ì ¨á¯®«ì§ã¥¬ëå ¯�à�¬¥âà®¢ ¯® ¢á¥¬ ¯à®â®ª®«�¬ ¨ à¥¦¨¬ë à�¡®âë á¨áâ¥¬ë,
â. ¥. ª®£¤� á¨áâ¥¬� ¡ã¤¥â ®¯¥à¨à®¢�âì ¤�−−ë¬¨ à¥�«ì−®£® ¢à¥¬¥−¨, � ª®£¤� |
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à¥§ã«ìâ�â�¬¨ ®¡à�¡®âª¨ ¨å §−�ç¥−¨©. �¡ê¥¬ åà�−¨¬®© ¢ ¡�§¥ ¤�−−ëå ¨−ä®à¬�-
æ¨¨, � ¨¬¥−−® §−�ç¥−¨© à�§«¨ç−ëå ¯®ª�§�â¥«¥© ¬®−¨â®à¨−£�, −�¯àï¬ãî §�¢¨á¨â
®â â®¯®«®£¨¨ ¨ å�à�ªâ¥à¨áâ¨ª á¥â¨, � â�ª¦¥ á¥â¥¢®© �ªâ¨¢−®áâ¨.

�á®¡¥−−®áâìî à�¡®âë á SNMP-¤�−−ë¬¨ ï¢«ï¥âáï â®, çâ® ¢á¥ §−�ç¥−¨ï ¯®-
ª�§�â¥«¥©, ¯®áâ�¢«ï¥¬ë¥ á ã§«®¢ á¥â¨, áà�§ã ¯®¬¥é�îâáï ¢ ¡�§ã ¤�−−ëå. „«ï
ª�¦¤®£® ãáâà®©áâ¢� ¢ Zabbix −�áâà�¨¢�¥âáï ¨−â¥à¢�« ®¯à®á� ¨ ¤«¨â¥«ì−®áâì
åà�−¥−¨ï ¯®«ãç¥−−ëå ¤�−−ëå. �®áª®«ìªã ç¨á«® −�¡«î¤�¥¬ëå ¯®ª�§�â¥«¥© ª®-
−¥ç−®, â® ¯à¨ ä¨ªá¨à®¢�−−®¬ ¨−â¥à¢�«¥ −�¡«î¤¥−¨© ¨ âà¥¡ã¥¬®© ¤«¨â¥«ì−®áâ¨
åà�−¥−¨ï §−�ç¥−¨© ®âáãâáâ¢ãîâ á«®¦−®áâ¨ ¢ åà�−¥−¨¨ ¨ ®¡à�¡®âª¥ â�ª¨å ¬�áá¨-
¢®¢ ¤�−−ëå. �� ¤�−−ë© ¬®¬¥−â �ˆ‘ŠŒ‘ á®¡¨à�¥â 1095 SNMP-¯®ª�§�â¥«¥©,
§−�ç¥−¨ï ª®â®àëå åà�−¨â ¢ â¥ç¥−¨¥ ®¤−®£® £®¤�.

ˆáå®¤−ë¥ §�¯¨á¨ NetFlow (¤�â�£à�¬¬ë) ¨¬¥îâ ¡®«¥¥ á«®¦−ãî áâàãªâãàã.
‚ ®â«¨ç¨¥ ®â SNMP-¯®ª�§�â¥«¥©, ª®«¨ç¥áâ¢® ª®â®àëå ä¨ªá¨à®¢�−®, Netflow-
§�¯¨á¥© á ª�ç¥áâ¢¥−−ë¬¨ ¨ ª®«¨ç¥áâ¢¥−−ë¬¨ ¤�−−ë¬¨ ¯® á¥â¥¢ë¬ á®¥¤¨−¥−¨ï¬
¬®¦¥â ¡ëâì −¥®£à�−¨ç¥−−®¥ ª®«¨ç¥áâ¢®.

„«ï à�¡®âë á ¨áå®¤−ë¬¨ ¨−áâàã¬¥−â�«ì−ë¬¨ ¤�−−ë¬¨ NetFlow ¢ �ˆ‘ŠŒ‘
¡ë«¨ ¯à¥¤«®¦¥−ë á«¥¤ãîé¨¥ ¯®¤å®¤ë:

(1) �ˆ‘ŠŒ‘ ¢ ¯¥à¢ãî ®ç¥à¥¤ì ®à¨¥−â¨à®¢�−� −� à�¡®âã á nonsampled ¢¥àá¨¥©
NetFlow, ¯®§¢®«ïîé¥© −¥¯à¥àë¢−® ¯®«ãç�âì ¢¥áì ®¡ê¥¬ ®¯¥à�â¨¢−®© ¨−-
ä®à¬�æ¨¨ á á¥−á®à®¢ á¥â¨. �� â¥ªãé¥¬ íâ�¯¥ à�§¢¨â¨ï á¨áâ¥¬ë ¤«ï åà�−¥−¨ï
¨ ®¡à�¡®âª¨ ¡ë« ¢ë¤¥«¥− −�¡®à ¯®«¥© ¤�â�£à�¬¬ NetFlow, ¯à¥¤áâ�¢«¥−−ë©
¢ â�¡«¨æ¥;

(2) ¯à¨ ¢ëá®ª®© á¥â¥¢®© �ªâ¨¢−®áâ¨ á¥−á®àë á¥â¨ ¬®£ãâ £¥−¥à¨à®¢�âì áãé¥-
áâ¢¥−−ë© ®¡ê¥¬ ¨−áâàã¬¥−â�«ì−®© ¨−ä®à¬�æ¨¨ NetFlow (¬¨««¨®−ë §�-
¯¨á¥© ¢ ç�á). �®íâ®¬ã ¤«ï ¥¥ íää¥ªâ¨¢−®© ®¡à�¡®âª¨ ¨ åà�−¥−¨ï ¡ë«¨
à�§à�¡®â�−ë ¯à�¢¨«� �£à¥£�æ¨¨ ¨ �àå¨¢¨à®¢�−¨ï áä®à¬¨à®¢�−−®£® (á¬.
¯. 1) −�¡®à� NetFlow-¤�−−ëå:

��¡®à ¯®«¥© NetFlow v5, ¨á¯®«ì§ã¥¬ëå ¢ �ˆ‘ŠŒ‘

ü ��§¢�−¨¥ ¯®«ï �¯¨á�−¨¥ ¯®«ï
1 srcaddr IP-�¤à¥á ®â¯à�¢¨â¥«ï
2 dstaddr IP-�¤à¥á ¯®«ãç�â¥«ï
3 srcport �®àâ ®â¯à�¢¨â¥«ï
4 dstport �®àâ ¯®«ãç�â¥«ï
5 proto �®¬¥à IP-¯à®â®ª®«� ¯® ª«�áá¨ä¨ª�æ¨¨ IANA
6 tcp §ags ‹®£¨ç¥áª�ï áã¬¬� ä«�£®¢ TCP/IP-¯�ª¥â�
7 dPkts —¨á«® ¯¥à¥¤�−−ëå IP-¯�ª¥â®¢
8 dOctets —¨á«® ¯¥à¥¤�−−ëå ¡�©â
9 input SNMP-¨−¤¥ªá ¢å®¤ïé¥£® ¨−â¥àä¥©á� ¬�àèàãâ¨§�â®à�

10 output SNMP-¨−¤¥ªá ¨áå®¤ïé¥£® ¨−â¥àä¥©á� ¬�àèàãâ¨§�â®à�
11 src mask Œ�áª� �¤à¥á� ®â¯à�¢¨â¥«ï ¢ CIDR-−®â�æ¨¨
12 dst mask Œ�áª� �¤à¥á� ¯®«ãç�â¥«ï ¢ CIDR-−®â�æ¨¨
13 nexthop IP-�¤à¥á ¬�àèàãâ¨§�â®à�, ¢ë¡à�−−®£® ¤«ï ¯¥à¥áë«ª¨ ¯�ª¥â®¢
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(�) ¢ â¥ç¥−¨¥ X ç�á®¢ ¤�−−ë¥ á®åà�−ïîâáï ¢ ¨áå®¤−®¬ ¢¨¤¥ ¡¥§ �£à¥£¨à®¢�-
−¨ï. �−¨ ä®à¬¨àãîâ â�ª −�§ë¢�¥¬ë© ®¯¥à�â¨¢−ë© ¡ãä¥à (á¬. à¨á. 3),
¯®§¢®«ïîé¨© ¯à®¢®¤¨âì ¬�ªá¨¬�«ì−® ¯®¤à®¡−ãî ®æ¥−ªã â¥ªãé¥£® á®-
áâ®ï−¨ï á¥â¨;

(¡) ¢ â¥ç¥−¨¥ ¯®á«¥¤ãîé¨å Y áãâ®ª ¤�−−ë¥ �£à¥£¨àãîâáï á ¨−â¥à¢�«®¬
¢ 5 ¬¨−, ã¤�«ïîâáï ¯®«ï tcp §ags, src mask, dst mask. �®«ï input,
output, nexthop, � â�ª¦¥ IP-�¤à¥á á¥â¥¢®£® á¥−á®à� −�¯®«−ïîâ á®§¤�−-
−ë© á¯à�¢®ç−¨ª −�¯à�¢«¥−¨© âà�ä¨ª� ¢ á¥â¨;

(¢) ¢ â¥ç¥−¨¥ á«¥¤ãîé¨å Z áãâ®ª ¤�−−ë¥ �£à¥£¨àãîâáï á ¨−â¥à¢�«®¬ ¢ 1 ç.
“¤�«ï¥âáï ¯®«¥ dPkts, � −� ®á−®¢¥ ¯®«¥© proto, srcport ¨ dstport ä®à¬¨-
àã¥âáï á¯à�¢®ç−¨ª ¯à¨«®¦¥−¨© á¥â¨. ��¯à¨¬¥à, ¯®àâ 80 ¯® ¯à®â®ª®«ã
TCP ¯à¥¤áâ�¢«ï¥â HTTP-¯à¨«®¦¥−¨¥.

‡�¤�−¨¥ ¢à¥¬¥−−ëå ¨−â¥à¢�«®¢ (X,Y,Z) ¯à®¨§¢®¤¨âáï áà¥¤áâ¢�¬¨ ¯®«ì§®-
¢�â¥«ìáª®£® ¨−â¥àä¥©á� ZbxFlowView. Š®−ªà¥â−ë¥ §−�ç¥−¨ï íâ¨å ¨−â¥à¢�«®¢
§�¢¨áïâ ®â §�¤�ç á¨áâ¥¬ë ¬®−¨â®à¨−£�, � â�ª¦¥ ®â ¢®§¬®¦−®áâ¥© ¢ëç¨á«¨â¥«ì-
−®© ¨−äà�áâàãªâãàë æ¥−âà� ¤�−−ëå, £¤¥ à�§¢®à�ç¨¢�¥âáï �ˆ‘ŠŒ‘ ¨ ¡ã¤¥â
®¡à�¡�âë¢�âìáï ¨ åà�−¨âìáï ¨−ä®à¬�æ¨ï.

5 Отличительные особенности автоматизированной информационной
системы комплексного мониторинга сети

�¢â®¬�â¨§¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ª®¬¯«¥ªá−®£® ¬®−¨â®à¨−£�
á¥â¨, á®§¤�−−�ï −� ®á−®¢¥ ®âªàëâ®© ¯«�âä®à¬ë Zabbix, ®¡«�¤�¥â àï¤®¬ ¯à¥¨¬ã-
é¥áâ¢:

(1) «¨æ¥−§¨ï −¥ §�¯à¥é�¥â ¥¥ ¡¥á¯«�â−®¥ ¨á¯®«ì§®¢�−¨¥, çâ® ï¢«ï¥âáï ¢�¦−ë¬
ä�ªâ®à®¬ ¤«ï −¥¡®«ìè¨å ª®à¯®à�â¨¢−ëå á¥â¥©;

(2) ¯®¬¨¬® ®á−®¢−ëå ¯à®â®ª®«®¢ SNMP ¨ NetFlow á¨áâ¥¬� â�ª¦¥ ¯®¤¤¥à-
¦¨¢�¥â ¬®−¨â®à¨−£ −�å®¤ïé¨åáï ¢ á¥â¨ á¥à¢¥à®¢ (¯®âà¥¡¨â¥«¥© á¥â¥¢®£®
âà�ä¨ª�) á ¯®¬®éìî �£¥−â®¢ ¬®−¨â®à¨−£� ¨ â¥å−®«®£¨¨ IPMI. �®«ãç¥−−�ï
¨−ä®à¬�æ¨ï ¯®§¢®«ï¥â ¯à®¢®¤¨âì à�áè¨à¥−−ë© �−�«¨§ ¢®§−¨ª�îé¨å ¢ á¥â¨
�−®¬�«¨©;

(3) ¢ á¨«ã ®âªàëâ®áâ¨ ¡�§®¢ëå ª®¬¯®−¥−â �ˆ‘ŠŒ‘ ¬®¦¥â ¡ëâì à�áè¨à¥-
−�, ¢ â®¬ ç¨á«¥ ã¦¥ áãé¥áâ¢ãîé¨¬¨ ¬®¤ã«ï¬¨ ZABBIX, −�¯à¨¬¥à, ¤«ï
¬®−¨â®à¨−£� ¯«�âä®à¬ ¢¨àâã�«¨§�æ¨¨ ¨ ®¡«�ç−ëå áà¥¤.

�® ¬−¥−¨î �¢â®à®¢, ¯¥à¥ç¨á«¥−−ë¥ ®á®¡¥−−®áâ¨ ¯®§¢®«ïîâ à�áá¬�âà¨¢�âì
á®§¤�−−ë© ¨−áâàã¬¥−â ª�ª ¡®«¥¥ ®¯â¨¬�«ì−®¥ à¥è¥−¨¥ ¤«ï áà¥¤−¨å ¯® à�§¬¥àã
ª®à¯®à�â¨¢−ëå á¥â¥© ¯® áà�¢−¥−¨î á áãé¥áâ¢ãîé¨¬¨ ª®¬¬¥àç¥áª¨¬¨ �−�«®£�¬¨,
−�¯à¨¬¥à Cisco Prime. ’�ª®© ¢ë¢®¤ ®¡ãá«®¢«¥− �−�«¨§®¬ ãá«®¢¨© «¨æ¥−§¨à®-
¢�−¨ï ¨ �¤�¯â�æ¨¨, ¯à¨áãé¨å ¡®«ìè¨−áâ¢ã ª®¬¬¥àç¥áª¨å ¯à®¤ãªâ®¢. ‘à¥¤¨
−¨å:
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{ ¢ëá®ª�ï æ¥−� −� ¯à¨®¡à¥â¥−¨¥ ¨ ®¡−®¢«¥−¨¥ á¨áâ¥¬ë ¨ ¥¥ ª®¬¯®−¥−â;

{ §�ªàëâ®áâì ¨ −¥¢®§¬®¦−®áâì à�§¢¨â¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥-
−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå §�¤�ç;

{ §�ç�áâãî ®à¨¥−â¨à®¢�−−®áâì −� �¯¯�à�â−ãî ¯«�âä®à¬ã ®¤−®£® ¯à®¨§¢®¤¨-
â¥«ï.

“ª�§�−−ë¥ ®á®¡¥−−®áâ¨ ª®¬¬¥àç¥áª¨å á¨áâ¥¬ −¥ ï¢«ïîâáï ¨å −¥¤®áâ�âª�¬¨.
�¤−�ª® ¯à¨ á®§¤�−¨¨ ª®¬¯«¥ªá−ëå á¨áâ¥¬ ¬®−¨â®à¨−£� ¤«ï á¥â¥© á ¨á¯®«ì-
§®¢�−¨¥¬ −¥®¤−®à®¤−®£® �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï, −�«¨ç¨¥¬ ¡®«ìè®£® ç¨á«�
¯®¤¤¥à¦¨¢�¥¬ëå ¯à®â®ª®«®¢ ¨ â¥å−®«®£¨© ¬®−¨â®à¨−£�, −¥®¡å®¤¨¬®áâìî à¥�«¨-
§�æ¨¨ ¤®¯®«−¨â¥«ì−®£® äã−ªæ¨®−�«� ¨á¯®«ì§®¢�−¨¥ ®âªàëâëå á¨áâ¥¬, â�ª¨å ª�ª
�ˆ‘ŠŒ‘, ï¢«ï¥âáï ¡®«¥¥ ®¯à�¢¤�−−ë¬ à¥è¥−¨¥¬.

6 Апробация автоматизированной информационной системы
комплексного мониторинга сети

�à®¢¥àª� à�¡®âë �ˆ‘ŠŒ‘ ¯à®¢¥¤¥−� −� ®á−®¢¥ ÷Š‘ „‚� ÷�� [12].
„�«ì−¥¢®áâ®ç−®¥ ®â¤¥«¥−¨¥ ÷�� ®¡ê¥¤¨−ï¥â ãçà¥¦¤¥−¨ï, ¯à®¢®¤ïé¨¥ äã−-

¤�¬¥−â�«ì−ë¥ ¨ ¯à¨ª«�¤−ë¥ −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¯® ¢�¦−¥©è¨¬ ¯à®¡«¥¬�¬
¥áâ¥áâ¢¥−−ëå, â¥å−¨ç¥áª¨å, ®¡é¥áâ¢¥−−ëå ¨ £ã¬�−¨â�à−ëå −�ãª −� â¥àà¨â®à¨¨
„�«ì−¥¢®áâ®ç−®£® ä¥¤¥à�«ì−®£® ®ªàã£�. ÷¥£¨®−�«ì−�ï ª®¬¯ìîâ¥à−�ï á¥âì ¨¬¥-
¥â á«¥¤ãîéãî �àå¨â¥ªâãàã ¨ áâàãªâãàã ã¯à�¢«¥−¨ï. ‚® ¢á¥å à¥£¨®−�«ì−ëå
−�ãç−ëå æ¥−âà�å „‚� ÷�� (•�¡�à®¢áª, ‚«�¤¨¢®áâ®ª, �«�£®¢¥é¥−áª, �¥âà®-
¯�¢«®¢áª-Š�¬ç�âáª¨©, Œ�£�¤�−, ā¦−®-‘�å�«¨−áª) á®§¤�−ë ¨ äã−ªæ¨®−¨àãîâ
á¥£¬¥−âë ¨ ®¯®à−ë¥ ã§«ë ‘¥â¨, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¬�àèàãâ¨§�æ¨î «®ª�«ì-
−ëå á¥â¥© ¨ à�¡®âã ¡�§®¢ëå á¥â¥¢ëå á¥à¢¨á®¢ (DNS, mail, www, proxy ¨ â. ¯.),
� â�ª¦¥ á¯¥æ¨�«¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ ¨−â¥à¥á�å ãçà¥¦¤¥−¨©
„‚� ÷�� [13].

‚ ‚– „‚� ÷�� ¢ £. •�¡�à®¢áª ®à£�−¨§®¢�− –¥−âà ã¯à�¢«¥−¨ï ÷Š‘
„‚� ÷��, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â −�áâà®©ªã ¨ á®¯à®¢®¦¤¥−¨¥ ¡�§®¢®© á¨áâ¥¬ë
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ã¯à�¢«¥−¨¥ á«ã¦¡®© ¬�àèàãâ¨§�æ¨¨ ¨ ª�ç¥áâ¢®¬
ãá«ã£ á¢ï§¨ QoS (quality of service), � â�ª¦¥ à¥è�¥â §�¤�ç¨ ¯® ¯®¤¤¥à¦ª¥
ã¯à�¢«ïîé¨å á¨áâ¥¬ æ¥−âà�«¨§®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¥à¢¨á®¢ á¥â¨.

„«ï ¨−â¥£à�æ¨¨ á¥£¬¥−â®¢ ‘¥â¨ ¨ ¤®áâã¯� ª à¥áãàá�¬ £«®¡�«ì−ëå á¥â¥© ¨á-
¯®«ì§ãîâáï à�§«¨ç−ë¥ ¢¨¤ë ª�−�«®¢ á¢ï§¨ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©
(L2, IP Access ¨ â. ¯.) (à¨á. 5).

�à¥¤¢�à¨â¥«ì−�ï à�¡®â� ¯® ãáâ�−®¢ª¥ á¨áâ¥¬ë ¬®−¨â®à¨−£� Zabbix ¯®§¢®«¨«�
á ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå SNMP á®§¤�âì ª�àâã ÷Š‘ „‚� ÷��, ¢ª«îç¨¢ ¢
−¥¥ ¢á¥ ¬�àèàãâ¨§�â®àë ¨ ª®¬¬ãâ�â®àë ï¤à� á¥â¨. ‚®§¬®¦−®áâì á®¢¬¥áâ−®©
à�¡®âë á NetFlow ¯®§¢®«¨«� ¢ à�¬ª�å ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© áà¥¤ë ¤®¯®«−¨âì
¨−ä®à¬�æ¨î ® á®áâ®ï−¨¨ ®¡®àã¤®¢�−¨ï ¨ ª�−�«®¢ á¢ï§¨ á¥â¨ ¤�−−ë¬¨ ¯® á¥â¥¢ë¬
á®¥¤¨−¥−¨ï¬ ¨ âà�ä¨ªã (à¨á. 6 ¨ 7).
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÷¨á. 5 �¡é�ï áå¥¬� ª�−�«®¢ á¢ï§¨ ÷Š‘ „‚� ÷��

÷¨á. 6 ÷®áâ −�£àã§ª¨ −� ¯®£à�−¨ç−ë© ¬�àèàãâ¨§�â®à ¢¬¥áâ¥ á à®áâ®¬ ¯®âà¥¡«¥−¨ï
âà�ä¨ª�

186 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014



�¢â®¬�â¨§¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ª®¬¯«¥ªá−®£® ¬®−¨â®à¨−£� á¥â¨

÷¨á. 7 ‘âàãªâãà� âà�ä¨ª� ¯®£à�−¨ç−®£® ¬�àèàãâ¨§�â®à�: (a) ¯® ¯à®â®ª®«�¬; (¡) ¯®
¯à¨«®¦¥−¨ï¬; (¢) ¯® IP-�¤à¥á�¬

�â® ¤�«® ¢®§¬®¦−®áâì ¡ëáâà¥¥ ¯à®¢®¤¨âì ¯®¨áª −¥¨á¯à�¢−®áâ¥© ¢ á¥â¨ ¨ ¯à¨-
−¨¬�âì ¬¥àë ¯® ¨å ãáâà�−¥−¨î. ��¯à¨¬¥à, �−�«¨§¨àãï ¯«®åãî à�¡®âã ¢ë¤¥-
«¥−−®£® ª�−�«� á¢ï§¨ (¯®â¥à¨ ¯à¨ ¯¥à¥¤�ç¥, çà¥§¬¥à−�ï §�£àã§ª� ¨ â. ¯.), ¬®¦−®
¯à®¢¥à¨âì ®âç¥âë ¯® ®è¨¡ª�¬ −� ¨−â¥àä¥©á�å, −�£àã§ªã ¬�àèàãâ¨§�â®à� á¥â¨
(¤�−−ë¥ SNMP), � â�ª¦¥ áâàãªâãàã âà�ä¨ª� (¤�−−ë¥ NetFlow).

�®á«¥ «®ª�«¨§�æ¨¨ ¯à®¡«¥¬ë ®−� ¬®¦¥â ¡ëâì «¨¡® à¥è¥−�, «¨¡® ¯¥à¥¤�−�
¢ ¢¨¤¥ §�ï¢ª¨ −� ®¡á«ã¦¨¢�−¨¥ ¢ ®à£�−¨§�æ¨î, ¢ §®−¥ ®â¢¥âáâ¢¥−−®áâ¨ ª®â®à®©
®−� −�å®¤¨âáï.

7 Заключение

‚ −�áâ®ïé¥¥ ¢à¥¬ï á®§¤�− ¤¥©áâ¢ãîé¨© ¯à®â®â¨¯ �ˆ‘ŠŒ‘, ¯®§¢®«ïîé¨©
à¥è�âì §�¤�ç¨ ®æ¥−ª¨ äã−ªæ¨®−¨à®¢�−¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© −� ®á−®¢¥
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á®¢¬¥áâ−®£® �−�«¨§� ¤�−−ëå ¯à®â®ª®«®¢ SNMP ¨ NetFlow. �â® ¯®§¢®«ï¥â
¢ à�¬ª�å ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© ¯«�âä®à¬ë Zabbix à¥�«¨§®¢�âì íää¥ªâ¨¢−ë¥
¨−áâàã¬¥−âë ¤«ï ª®−âà®«ï �¯¯�à�â−®© ¨−äà�áâàãªâãàë á¥â¥© ¨ ¨å ª�ç¥áâ¢¥−−ëå
¨ ª®«¨ç¥áâ¢¥−−ëå ¯�à�¬¥âà®¢ äã−ªæ¨®−¨à®¢�−¨ï.

÷�§à�¡®â�−−ë¥ ¯à®£à�¬¬−ë¥ ª®¬¯®−¥−âë �¯à®¡¨à®¢�−ë ¨ ¢−¥¤à¥−ë ¢ à�¡®âã
÷Š‘ „‚� ÷��. „�«ì−¥©è¥¥ à�§¢¨â¨¥ �ˆ‘ŠŒ‘ á¢ï§�−® á á®§¤�−¨¥¬ á¯¥-
æ¨�«¨§¨à®¢�−−ëå á¨áâ¥¬ ¤«ï ®æ¥−ª¨ á®áâ®ï−¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�-
áâàãªâãàë ¨ �¯¯�à�â−ëå ª®¬¯®−¥−â á¥â¥© á¥©á¬®«®£¨ç¥áª¨å ¨ ¤¥ä®à¬�æ¨®−−ëå
−�¡«î¤¥−¨© [14], à�á¯à¥¤¥«¥−−ëå ¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© „‚� ÷�� [15].
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Abstract: The development of an information system for monitoring the status of
a star topology corporate network is considered. Base requirements of the system
are specified. The system uses the SMNP (Simple Network Management Protocol)
and NetFlow protocols. The system software platform is developed using open
standards and technologies. It consists of a set of specialized computer modules
integrated with the Zabbix system. The modules provide comprehensive analysis
of the network status data under a single user interface. A raw and processed
data archiving system is described that provides for maximum processing speed
in both operational observations and retrospective data analysis. An example
of using the developed program tools is given based on the Regional Computer
Network of FEB RAS.
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СИСТЕМАТИЗАЦИЯ ЗНАНИЙ
О ПРОГРАММИРУЕМЫХ ЗАДАЧАХ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®á−®¢ë ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï á¨¬¢®«ì−ëå ¬®¤¥-
«¥© ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç, à�ááç¨â�−−ëå −� ¯à¨¬¥−¥−¨¥ ¢ á¨áâ¥¬�å §−�−¨©
® §�¤�ç�å. Œ¥â®¤®«®£¨ï ®á−®¢�−� −� à¥§ã«ìâ�â�å, ¯®«ãç¥−−ëå ¯à¨ à�§à�¡®â-
ª¥ ¨ ¨áá«¥¤®¢�−¨ïå á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ª®−áâàã¨à®¢�−¨ï ¯à®£à�¬¬.
„«ï ä®à¬�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï §�¤�ç ¨á¯®«ì§ã¥âáï TSM-ª®¬¯«¥ªá
(Task S-Modeling) ®¯¨á�−¨ï á¨¬¢®«ì−ëå ¬®¤¥«¥© ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢
¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥ (s-áà¥¤¥). ‡�¤�ç¨ ¯à¥¤áâ�¢«¥−ë ª�ª ª®−áâàãª-
â¨¢−ë¥ ®¡ê¥ªâë (s-§�¤�ç¨) á ®¯à¥¤¥«¥−−ë¬¨ â¨¯�¬¨ ¬¥¦§�¤�ç−ëå á¢ï§¥©
¨ ¯à�¢¨«�¬¨ ª®−áâàã¨à®¢�−¨ï. �¯¨á�−¨¥ s-§�¤�ç¨ ¢ª«îç�¥â ¯®áâ�−®¢ªã,
á¨áâ¥¬ë ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨« à¥è¥−¨ï, �«£®à¨â¬ë, ¡¨¡-
«¨®â¥ª¨ ¯à®£à�¬¬ ¨ â¥áâ®¢ëå ¯à¨¬¥à®¢. ‚ ãá«®¢¨ïå ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬
ãª�§�−ë ®¯¥à�æ¨®−−ë¥ á¨áâ¥¬ë, âà¥¡®¢�−¨ï ª �¯¯�à�â−ë¬ áà¥¤áâ¢�¬ ¨ ¤à.

Š«îç¥¢ë¥ á«®¢�: s-¬®¤¥«¨à®¢�−¨¥; §�¤�ç−ë© ª®−áâàãªâ¨¢−ë© ®¡ê¥ªâ; s-§�-
¤�ç�; s-§�¤�ç−ë© £à�ä; ¨áç¨á«¥−¨¥ s-§�¤�ç; á¨áâ¥¬� §−�−¨© ® §�¤�ç�å; TSM-
ª®¬¯«¥ªá
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1 Введение

�à¥¤áâ�¢«¥−¨¥ á¢ï§¥© ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¢ ¢¨¤¥ à�§à¥è¨¬ëå §�¤�ç | −¥®¡å®-
¤¨¬®¥ ãá«®¢¨¥ ¯®áâà®¥−¨ï ª®«¨ç¥áâ¢¥−−ëå s-¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨© [1] «î¡®©
¯à¥¤¬¥â−®© ®¡«�áâ¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â ®£à®¬−®¥ ç¨á«® à�§à¥è¨¬ëå
§�¤�ç, §�¯à®£à�¬¬¨à®¢�−−ëå −� à�§«¨ç−ëå ï§ëª�å ¨ à¥�«¨§®¢�−−ëå ¢ á®áâ�¢¥
á¨áâ¥¬−ëå ¨ ¯à¨ª«�¤−ëå ª®¬¯«¥ªá®¢. Š�ª¨¥ íâ® §�¤�ç¨, ª ª�ª¨¬ ª«�áá�¬ ®â-
−¥á¥−ë? ƒ¤¥ ¬®¦−® −�©â¨ á¢¥¤¥−¨ï ®¡ ¨å ä®à¬ã«¨à®¢ª�å, ¬¥â®¤�å, �«£®à¨â¬�å
¨ â¥áâ®¢ëå ¯à¨¬¥à�å? Š�ª ¨á¯®«ì§®¢�âì íâ®â �àá¥−�« ¯à¨ à�§à�¡®âª¥ ¯à®£à�¬¬?

�¢â®¬�â¨§�æ¨ï ¯à®£à�¬¬¨à®¢�−¨ï ¯à¥¤¯®«�£�¥â á®§¤�−¨¥ ã¤®¡−ëå áà¥¤áâ¢
à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ¯à®£à�¬¬ ¨ ¢®§¬®¦−®áâ¨ á®åà�−¥−¨ï, −�ª®¯«¥−¨ï ¨ ¯®-
¢â®à−®£® ¯à¨¬¥−¥−¨ï à�−¥¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢. ‘ ¯¥à¢ëå è�£®¢ �¢â®¬�â¨-
§�æ¨¨ ¯à®£à�¬¬¨à®¢�−¨ï ¢¬¥áâ¥ á ï§ëª�¬¨ ¯à®£à�¬¬¨à®¢�−¨ï ¨ âà�−á«ïâ®à�¬¨
áâ�«¨ á®§¤�¢�âì à�§«¨ç−ë¥ ¡¨¡«¨®â¥ª¨ ¯à®£à�¬¬. �� −�ç�«ì−®¬ íâ�¯¥ ®¤−®©

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, avilyin@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@ipiran.ru
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‘¨áâ¥¬�â¨§�æ¨ï §−�−¨© ® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å

¨§ −�¨¡®«¥¥ ¯®¯ã«ïà−ëå ¡ë«� ¡¨¡«¨®â¥ª� −�ãç−ëå ¯®¤¯à®£à�¬¬ −� ï§ëª¥ ä®à-
âà�− (Scientific Subroutine Package | SSP) [2], à�§à�¡®â�−−�ï IBM ¢® ¢â®à®©
¯®«®¢¨−¥ 1960-å ££. ‚ â¥ £®¤ë SSP áë£à�«� §−�ç¨â¥«ì−ãî à®«ì ¢ ã¢¥«¨ç¥−¨¨
¯à®¤ãªâ¨¢−®áâ¨ ¯à¨ª«�¤−®£® ¯à®£à�¬¬¨à®¢�−¨ï −� ä®àâà�−¥ ¨ áâ�«� á¢®¥®¡à�§-
−ë¬ ®¡à�§æ®¬. ‚ ç�áâ−®áâ¨, á 1970-å ££. ¢ �ˆ‚– Œƒ“ à�§¢¨¢�¥âáï ¡¨¡«¨®â¥ª�
¯à®£à�¬¬ ç¨á«¥−−®£® �−�«¨§� [3], ª®−æ¥¯âã�«ì−® ¡«¨§ª�ï SSP. ‘ −�ç�«®¬ à¥�-
«¨§�æ¨¨ ª®−æ¥¯æ¨¨ áâàãªâãà−®£® ¯à®£à�¬¬¨à®¢�−¨ï [4, 5] §−�ç¨¬®áâì ¡¨¡«¨®â¥ª
¯à®£à�¬¬ ¯®áâ®ï−−® à�áâ¥â. ‚ −�è¨ ¤−¨ ª®−ªãà¥−â®á¯®á®¡−®áâì «î¡®© á¨áâ¥-
¬ë ¯à®£à�¬¬¨à®¢�−¨ï ¢® ¬−®£®¬ ®¯à¥¤¥«ï¥âáï ¥¥ ¡¨¡«¨®â¥ª�¬¨ ¨ ã¤®¡áâ¢®¬ ¨å
¯à¨¬¥−¥−¨ï.

—â® âà¥¡ã¥âáï ¤«ï ®¡ê¥¤¨−¥−¨ï ¡¨¡«¨®â¥ª ¨ â¥å ¯à®£à�¬¬, ª®â®àë¥ ãá¯¥è−®
à�¡®â�îâ, −® −¥ ¢å®¤ïâ −¨ ¢ ª�ª¨¥ ¡¨¡«¨®â¥ª¨? Š�ª®© ¤®«¦−� ¡ëâì á¨áâ¥¬�
§−�−¨© ® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å, çâ®¡ë á«ã¦¨âì ®á−®¢�−¨¥¬ ¤«ï ª®−áâàã¨-
à®¢�−¨ï ¯à®£à�¬¬−ëå á¨áâ¥¬? �¤¨− ¨§ ¢®§¬®¦−ëå ®â¢¥â®¢ −� íâ®â ¢®¯à®á ¡ë«
¯à¥¤«®¦¥− ¢ [6, 7] ¯à¨¬¥−¨â¥«ì−® ª ¯®à®¦¤¥−¨î ¯à®£à�¬¬. ‚ [8, 9] íâ®â ¯®¤å®¤
¡ë« ¯à¨¬¥−¥− ¢ ¬¥â®¤®«®£¨¨ ª®−áâàã¨à®¢�−¨ï ¯�à�««¥«ì−ëå ¯à®£à�¬¬.

“ç¨âë¢�ï, çâ® ª −�áâ®ïé¥¬ã ¢à¥¬¥−¨ −�ª®¯«¥−® ¨ ¯à®¤®«¦�¥â ¡ëáâà® ã¢¥«¨-
ç¨¢�âìáï ç¨á«® §�¤�ç, �«£®à¨â¬ë à¥è¥−¨ï ª®â®àëå ¯à¥¤áâ�¢«¥−ë ¯à®£à�¬¬�¬¨ −�
à�§«¨ç−ëå ï§ëª�å ¨ �¯à®¡¨à®¢�−ë ¢ á®áâ�¢¥ á¨áâ¥¬−ëå ¨ ¯à¨ª«�¤−ëå ª®¬¯«¥ª-
á®¢, æ¥«¥á®®¡à�§−® á®§¤�âì á¨áâ¥¬ã ¨å á¯¥æ¨ä¨æ¨à®¢�−−®£® ®¯¨á�−¨ï, ¯®«ì§ãïáì
ª®â®à®© ¬®¦−® ¡ë«® ¡ë −�©â¨ á¢¥¤¥−¨ï ® ¯®áâ�−®¢ª�å ¨ �«£®à¨â¬�å, ¯à®£à�¬¬�å
¨ â¥áâ®¢ëå ¯à¨¬¥à�å, çâ®¡ë ¨á¯®«ì§®¢�âì �àá¥−�«, −�ª®¯«¥−−ë© ¯à¨ à�§à�¡®âª¥
¯à®£à�¬¬−ëå áà¥¤áâ¢ ¨ á¥à¢¨á®¢ s-áà¥¤ë [1, 10]. ‘¨áâ¥¬ë ¯à®£à�¬¬¨à®¢�−¨ï æ¥-
«¥á®®¡à�§−® á¢ï§�âì á á¨áâ¥¬�¬¨ §−�−¨© ® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å (£¤¥ §�¤�ç¨
¯à¥¤áâ�¢«¥−ë ª�ª ª®−áâàãªâ¨¢−ë¥ ®¡ê¥ªâë, á®¤¥à¦�é¨¥ ®¯¨á�−¨¥ ¯®áâ�−®¢ª¨,
¬¥â®¤®¢, �«£®à¨â¬®¢, ¡¨¡«¨®â¥ª ¯à®£à�¬¬ ¨ â¥áâ®¢ëå ¯à¨¬¥à®¢), � á¨áâ¥¬ë
§−�−¨© | ¬¥¦¤ã á®¡®© [1, 6, 7, 10{12]. ‘âàãªâãà¨à®¢�−−®áâì, ¢®§¬®¦−®áâ¨ à�á-
è¨à¥−¨ï ¨ ª®àà¥ªæ¨¨ â�ª¨å á¨áâ¥¬ áâ�−ãâ íää¥ªâ¨¢−ë¬¨ ¯®¬®é−¨ª�¬¨ ¢ ¡®àì¡¥
á ¯à¥á«®¢ãâ®© ¯à®¡«¥¬®© á«®¦−®áâ¨.

–¥«ì íâ®© áâ�âì¨ | ¯à¥¤áâ�¢¨âì ®á−®¢ë ¬¥â®¤®«®£¨¨ ä®à¬�«¨§®¢�−−®£®
®¯¨á�−¨ï ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç, à�ááç¨â�−−®© −� à�§à�¡®âªã á¨áâ¥¬ §−�−¨©
® §�¤�ç�å.

2 О средствах описания моделей программируемых задач

„«ï ä®à¬�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï s-¬®¤¥«¥© ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç
¨á¯®«ì§®¢�− TSM-ª®¬¯«¥ªá áà¥¤áâ¢ ®¯¨á�−¨ï s-¬®¤¥«¥© [12]. �¥à¢ë¥ ¢¥àá¨¨
ª®¬¯«¥ªá� ¡ë«¨ à�§à�¡®â�−ë ¢ ª®−æ¥ 1980-å ££. [6, 7]. ‚ [10{12] ª®¬¯«¥ªá
¡ë« ãá®¢¥àè¥−áâ¢®¢�−. „�«¥¥ ¯à¥¤áâ�¢«¥−� ç�áâì áà¥¤áâ¢ TSM-ª®¬¯«¥ªá�,
¨á¯®«ì§ã¥¬�ï ¢ íâ®© áâ�âì¥.

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨©, ¯à¨¬¥à®¢, ¨¬¥− ¯®−ïâ¨© ¨ ®â¤¥«ì-
−ëå ç�áâ¥© ®¯¨á�−¨ï ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ áà¥¤áâ¢�:
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�. ‚. ˆ«ì¨−, ‚. „. ˆ«ì¨−

� 〈äà�£¬¥−â ®¯¨á�−¨ï〉� ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);

♦〈äà�£¬¥−â ®¯¨á�−¨ï〉♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© [®¯à¥¤¥«ï¥¬ëå ¨«¨

®¯à¥¤¥«¥−−ëå (¯®á«¥¤−¨¥ ¬®£ãâ ¡ëâì £¨¯¥àááë«ª�¬¨)] ¨ äà�£¬¥−âë ®¯¨á�−¨ï,
ª ª®â®àë¬ �¢â®àë å®âïâ ¯à¨¢«¥çì ¢−¨¬�−¨¥.

„«ï â¥®à¥â¨ª®-¬−®¦¥áâ¢¥−−ëå ¨ ¤àã£¨å ä®à¬ã« ¯à¨¬¥−ï¥âáï ®¤−®ãà®¢−¥¢�ï
ä®à¬� §�¯¨á¨. �¥ −�ª«�¤ë¢�¥âáï ®£à�−¨ç¥−¨© −� ç¨á«® ¨−¤¥ªá®¢ ¨ ¯®¬¥ç�î-
é¨å á¨¬¢®«®¢ (¯®¬¥â) ¤«ï ¯¥à¥¬¥−−ëå. ‚á¥ ¨−¤¥ªáë ¨ ¯®¬¥âë §�¯¨áë¢�îâáï
¢ áâà®çªã ¢−ãâà¨ ª¢�¤à�â−ëå áª®¡®ª, á«¥¤ãîé¨å áà�§ã §� ¨−¤¥ªá¨àã¥¬®© (¨«¨/¨
¯®¬¥ç¥−−®©) ¯¥à¥¬¥−−®©. ˆ−¤¥ªáë, ®¯à¥¤¥«ïîé¨¥ í«¥¬¥−â ¬�áá¨¢�, ®â¤¥«ïîâáï
§�¯ïâë¬¨, ¨−¤¥ªá¨à®¢�−−ë¥ ¨−¤¥ªáë | ª®á®© ç¥àâ®© ú/û. ‚¥àå−¨© ¨−¤¥ªá ®â
−¨¦−¥£® ®â¤¥«ï¥âáï â®çª®© á §�¯ïâ®©. …á«¨ ¢ ®¯¨á�−¨¨ ¨−¤¥ªá� â®çª� á §�¯ïâ®©
−¥ ¢áâà¥ç�¥âáï, â® ¨−¤¥ªá áç¨â�¥âáï −¨¦−¨¬. …á«¨ áà�§ã ¯®á«¥ â®çª¨ á §�¯ïâ®©
áâ®¨â §�ªàë¢�îé�ï ª¢�¤à�â−�ï áª®¡ª�, â® §�¤�− â®«ìª® ¢¥àå−¨© ¨−¤¥ªá.
© x[out; j = 1 . . . n] ≈ ¢¥ªâ®à x ¨§ n ª®¬¯®−¥−â, ¨¬¥îé¨© ¯®¬¥âã out;
a[inp; i = 1 . . . m, j = 1 . . . n] ≈ ¬�âà¨æ� a à�§¬¥à� m × n, ¨¬¥îé�ï ¯®¬¥âã

inp;
c[′; 1] ≈ c-®¤¨− á® èâà¨å®¬ (èâà¨å ú′û | ¢¥àå−ïï ¯®¬¥â�; 1 | −¨¦−¨©

¨−¤¥ªá);
d[j; ] ≈ d á ¢¥àå−¨¬ ¨−¤¥ªá®¬ j;
d[i/j] ≈ d á −¨¦−¨¬ ¨−¤¥ªá®¬ úi j-¥û©.
�à£ã¬¥−âë äã−ªæ¨¨ à�§¬¥é�îâáï ¢ ªàã£«ëå áª®¡ª�å, áâ®ïé¨å áà�§ã §�

¨¤¥−â¨ä¨ª�â®à®¬, ®¡®§−�ç�îé¨¬ äã−ªæ¨î.
© f(x) ≈ f ®â x; f [max; ](x[i = 1 . . . n]) ≈ f á ¢¥àå−¥© ¯®¬¥â®© max ®â

x[i = 1 . . . n].©
’¥®à¥â¨ª®-¬−®¦¥áâ¢¥−−ë¥:
a : elemA ≈ a ï¢«ï¥âáï í«¥¬¥−â®¬ ¬−®¦¥áâ¢� A;
A < B ≈A| ¯®¤¬−®¦¥áâ¢®B (ª®£¤� ®£®¢®à¥−®, çâ®A ¨B à�áá¬�âà¨¢�îâáï

ª�ª ¬−®¦¥áâ¢�);
C ≤ B ≈ C ï¢«ï¥âáï ¯®¤¬−®¦¥áâ¢®¬ B ¨«¨ á®¢¯�¤�¥â á −¨¬;
A ∨B ≈ ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ A ¨ B;
A ∧B ≈ ¯¥à¥á¥ç¥−¨¥ ¬−®¦¥áâ¢ A ¨ B;
A\B ≈ à�§−®áâì ¬−®¦¥áâ¢ A ¨ B;
A ∗B ≈ ¤¥ª�àâ®¢® ¯à®¨§¢¥¤¥−¨¥ ¬−®¦¥áâ¢ A ¨ B;
R ≤ A ∗B ≈ ¡¨−�à−®¥ ®â−®è¥−¨¥, §�¤�−−®¥ −� ¬−®¦¥áâ¢�å A ¨ B.
� ’¨¯ X ≈ ¬−®¦¥áâ¢® X, í«¥¬¥−âë ª®â®à®£® ¨¬¥îâ ä¨ªá¨à®¢�−−ë© −�¡®à

�âà¨¡ãâ®¢ ¨ á¥¬¥©áâ¢® ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨©. Œ®¦¥â ¨¬¥âì ¯®¤â¨¯ë, −�§ë¢�¥¬ë¥
á¯¥æ¨�«¨§�æ¨ï¬¨ â¨¯� X, ¨ −�¤â¨¯ë, −�§ë¢�¥¬ë¥ ®¡®¡é¥−¨ï¬¨ â¨¯� X. �

� ‘¯¥æ¨�«¨§�æ¨ï â¨¯� X | ¯®à®¦¤¥−¨¥ ¯®¤â¨¯� X :: rule (§¤¥áì á¤¢®¥−−®¥
¤¢®¥â®ç¨¥ | á¨¬¢®« á¯¥æ¨�«¨§�æ¨¨) á á¥¬¥©áâ¢®¬ á¢ï§¥©, à�áè¨à¥−−ë¬ ¤®¡�¢-
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«¥−¨¥¬ ¯à�¢¨«� rule. ‘¯¥æ¨�«¨§�æ¨¥© −�§ë¢�¥¬ ¨ à¥§ã«ìâ�â íâ®£® ¯®à®¦¤¥−¨ï
X :: rule.

X :: (rule1) :: rule2 | á¯¥æ¨�«¨§�æ¨ï â¨¯� X :: rule1 ¯® á¢ï§¨ rule2.
—¨á«® á¯¥æ¨�«¨§¨àãîé¨å á¢ï§¥© ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −¥ ®£à�−¨ç¥−®. �à¨ íâ®¬
¯à�¢¨«�, ¯à¥¤è¥áâ¢ãîé¨¥ ¯®á«¥¤−¥¬ã, §�ª«îç¥−ë ¢ ªàã£«ë¥ áª®¡ª¨, � ¯¥à¥¤
®âªàë¢�îé¥© áª®¡ª®© ª�¦¤®© ¯�àë áª®¡®ª | á¤¢®¥−−®¥ ¤¢®¥â®ç¨¥. �

� �¡®¡é¥−¨¥ â¨¯� Z | íâ® ¯®à®¦¤¥−¨¥ ¥£® −�¤â¨¯� Z # rule ¨«¨
Z # (rule← rule G) ¯ãâ¥¬ ¨áª«îç¥−¨ï ¯à�¢¨«� rule ¨§ á¥¬¥©áâ¢� á¢ï§¥©, á®-
®â¢¥âáâ¢ãîé¥£® â¨¯ã Z, ¨«¨ §�¬¥−ë rule −� ¡®«¥¥ ®¡é¥¥ ¯à�¢¨«® rule G (§¤¥áì
úà¥è¥âª�û | á¨¬¢®« ®¡®¡é¥−¨ï). �

Š®¬¯«¥ªá TSM à�ááç¨â�− −� á®§¤�−¨¥ áâà®ç−ëå ®¤−®ãà®¢−¥¢ëå ®¯¨á�−¨©
s-¬®¤¥«¥© ¡¥§ ¨á¯®«ì§®¢�−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå à¥¤�ªâ®à®¢.

3 Символьное моделирование задач

� S-§�¤�ç� | íâ® ç¥â¢¥àª� {Formul,Rulsys,Alg,Prog}, £¤¥ Formul | ¯®-
áâ�−®¢ª� §�¤�ç¨; Rulsys | ¬−®¦¥áâ¢® á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å
¯à�¢¨« à¥è¥−¨ï §�¤�ç¨ [13], ¯®áâ�¢«¥−−ëå ¢ á®®â¢¥âáâ¢¨¥ Formul; Alg | ®¡ê¥¤¨-
−¥−¨¥ ¬−®¦¥áâ¢ �«£®à¨â¬®¢, ª�¦¤®¥ ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â ®¤−®¬ã í«¥¬¥−âã
¨§ Rulsys; Prog | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ ¯à®£à�¬¬, ª�¦¤®¥ ¨§ ª®â®àëå ¯®áâ�¢-
«¥−® ¢ á®®â¢¥âáâ¢¨¥ ®¤−®¬ã ¨§ í«¥¬¥−â®¢ Alg. �®áâ�−®¢ª� §�¤�ç¨ Formul | íâ®
¯�à� {Mem,Rel}, £¤¥ Mem | ¬−®¦¥áâ¢® ¯®−ïâ¨© §�¤�ç¨, −� ª®â®à®¬ §�¤�−®
à�§¡¨¥−¨¥ Mem = Inp∨Out (Inp∧Out = 0) ¨ á®¢®ªã¯−®áâì Rel á¢ï§¥© ¬¥¦¤ã ¯®-
−ïâ¨ï¬¨, ®¯à¥¤¥«ïîé�ï ¡¨−�à−®¥ ®â−®è¥−¨¥ Rel < Inp ∗Out. Œ−®¦¥áâ¢® Mem
−�§®¢¥¬ â�ª¦¥ ¯�¬ïâìî §�¤�ç¨, � Inp ¨ Out | ¥¥ ¢å®¤®¬ ¨ ¢ëå®¤®¬, §−�ç¥−¨ï
ª®â®àëå ¯à¥¤¯®«�£�¥âáï á®®â¢¥âáâ¢¥−−® §�¤�¢�âì ¨ ¨áª�âì. �

„«ï ª�¦¤®£® í«¥¬¥−â� ¨§ Rulsys, Alg ¨ Prog §�¤�−® ®¯¨á�−¨¥ ¯à¨¬¥−¥-
−¨ï. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ Rulsys ¢ª«îç�îâ á¯¥æ¨ä¨ª�æ¨î â¨¯�
à¥è�â¥«ï §�¤�ç¨ (�¢â®−®¬−�ï s-¬�è¨−� [1], á¥â¥¢�ï ª®®¯¥à�æ¨ï s-¬�è¨−, ª®®¯¥-
à�æ¨ï ç¥«®¢¥ª{s-¬�è¨−� ¨ â. ¯.), âà¥¡®¢�−¨ï ª ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ ¨§ Alg ¢ª«îç�îâ ¤�−−ë¥ ® ¤®¯ãáâ¨¬ëå
à¥¦¨¬�å à�¡®âë à¥è�â¥«ï §�¤�ç¨ (�¢â®¬�â¨ç¥áª¨© «®ª�«ì−ë©, �¢â®¬�â¨ç¥áª¨©
à�á¯à¥¤¥«¥−−ë©, ¨−â¥à�ªâ¨¢−ë© «®ª�«ì−ë© ¨ ¤à.), ® âà¥¡®¢�−¨ïå ª ¯®«ãç¥−−®¬ã
à¥§ã«ìâ�âã ¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬ ¢ª«îç�îâ ¤�−−ë¥ ® ï§ëª�å
à¥�«¨§�æ¨¨, ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å ¨ ¤à.

♦ Š�¦¤�ï ¯à®£à�¬¬� á®¯à®¢®¦¤�¥âáï ááë«ª�¬¨ −� −�¡®àë â¥áâ®¢ëå ¯à¨¬¥-
à®¢ [10{12]. ♦

‚ ®¡é¥¬ á«ãç�¥ ¬−®¦¥áâ¢� Rulsys, Alg ¨ Prog ¬®£ãâ ¡ëâì ¯ãáâë¬¨: ç¨á«® ¨å
í«¥¬¥−â®¢ §�¢¨á¨â ®â áâ¥¯¥−¨ ¨§ãç¥−−®áâ¨ §�¤�ç¨.

� S-�«£®à¨â¬ | á¨áâ¥¬� ¯à�¢¨« à¥è¥−¨ï §�¤�ç¨ (á®®â¢¥âáâ¢ãîé�ï ®¤−®¬ã ¨§
í«¥¬¥−â®¢ Rulsys), ¯®§¢®«ïîé�ï §� ª®−¥ç−®¥ ç¨á«® è�£®¢ ¯®áâ�¢¨âì ¢ ®¤−®§−�ç−®¥
á®®â¢¥âáâ¢¨¥ §�¤�−−®¬ã −�¡®àã ¤�−−ëå, ¯à¨−�¤«¥¦�é¥¬ã Inp, à¥§ã«ìâ¨àãîé¨©
−�¡®à, ¯à¨−�¤«¥¦�é¨© Out.
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‚ë¯®«−¥−¨¥ s-�«£®à¨â¬� ¯®¤à�§ã¬¥¢�¥â á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

{ à�á¯®§−�¢�−¨¥ −�¡®à� ¢å®¤−ëå ¤�−−ëå (®¯à¥¤¥«¥−¨¥ ¥£® ¯à¨−�¤«¥¦−®áâ¨
¬−®¦¥áâ¢ã Inp): ¥á«¨ −�¡®à ¯à¨−�¤«¥¦¨â Inp, â® ¯¥à¥å®¤ ª á«¥¤ãîé¥¬ã
¯ã−ªâã, ¢ ¯à®â¨¢−®¬ á«ãç�¥ | ®áâ�−®¢ª�;

{ ¨−â¥à¯à¥â�æ¨î −�¡®à� ¨§ Inp (¯®«ãç¥−¨¥ à¥§ã«ìâ¨àãîé¥£® −�¡®à� ¤�−−ëå,
¯à¨−�¤«¥¦�é¥£® Out);

{ §�¯¨áì à¥§ã«ìâ¨àãîé¥£® −�¡®à� ¤�−−ëå ¢ §�¤�−−ãî ®¡«�áâì ¯�¬ïâ¨;

{ ®áâ�−®¢ªã. �

� S-¯à®£à�¬¬� | à¥�«¨§®¢�−−ë© (−� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£®
ãà®¢−ï, ¬�è¨−−®-®à¨¥−â¨à®¢�−−®¬ ï§ëª¥ ¨/¨«¨ ¢ á¨áâ¥¬¥ ¬�è¨−−ëå ª®¬�−¤)
s-�«£®à¨â¬, ¯à¥¤áâ�¢«¥−−ë© ¢ ä®à¬¥ á®®¡é¥−¨ï, ®¯à¥¤¥«ïîé¥£® ¯®¢¥¤¥−¨¥
s-¬�è¨−−®£® à¥è�â¥«ï §�¤�ç¨ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨. ‘ãé¥áâ¢ã¥â ¢ á¨¬-
¢®«ì−®¬, ª®¤®¢®¬ ¨ á¨£−�«ì−®¬ ¢®¯«®é¥−¨ïå, á¢ï§�−−ëå ®â−®è¥−¨ï¬¨ âà�−á«ï-
æ¨¨. �

� ‘¯¥æ¨ä¨ª�æ¨ï spec s-§�¤�ç¨ | íâ® ¯�à� (Formul, as), £¤¥ as | ®¯¨á�−¨¥
¯à¨¬¥−¥−¨ï. �

© TSM-§�¯¨áì ä®à¬ã«¨à®¢ª¨ §�¤�ç¨ «¨−¥©−®£® ¯à®£à�¬¬¨à®¢�−¨ï:
¢å®¤ §�¤�ç¨ Inp = {¬�âà¨æ� a[i = 1 . . .m, j = 1 . . . n] ª®íää¨æ¨¥−â®¢
®£à�−¨ç¥−¨©, ¢¥ªâ®à b[i = 1 . . . m] ¯à�¢ëå ç�áâ¥© ®£à�−¨ç¥−¨©, ¢¥ªâ®à
c[j = 1 . . . n] ª®íää¨æ¨¥−â®¢ æ¥«¥¢®© äã−ªæ¨¨};
¢ëå®¤ Out = {¨áª®¬ë© ¢¥ªâ®à x[max; j = 1 . . . n]}.

�à�¢¨«® rul ¬�ªá¨¬¨§�æ¨¨ ¯® x[j = 1 . . . n] æ¥«¥¢®© äã−ªæ¨¨ c[j = 1 . . . n]
∗ x[j = 1 . . . n] ¯à¨ ®£à�−¨ç¥−¨ïå a[i = 1 . . . m, j = 1 . . . n] ∗ x[j = 1 . . . n]
≤ b[i = 1 . . . m] ¨ x[j = 1 . . . n] ≥ 0 ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

max[x[j = 1 . . . n]::(a[i = 1 . . . m, j = 1 . . . n] ∗ x[j = 1 . . . n] ≤
≤ b[i = 1 . . . m])::x[j = 1 . . . n] ≥ 0](c[j = 1 . . . n] ∗ x[j = 1 . . . n]).©

3.1 Связи по памяти

‘¢ï§¨ ¯® ¯�¬ïâ¨ ¬¥¦¤ã s-§�¤�ç�¬¨ ®¯à¥¤¥«ïîâáï âà¥¬ï â¨¯�¬¨ äã−ªæ¨©,
ª�¦¤�ï ¨§ ª®â®àëå ï¢«ï¥âáï äã−ªæ¨¥© ¤¢ãå �à£ã¬¥−â®¢ ¨ ¯®§¢®«ï¥â ¯®áâ�¢¨âì
¢ á®®â¢¥âáâ¢¨¥ ¯�à¥ s-§�¤�ç −¥ª®â®àãî âà¥âìî s-§�¤�çã, ®¡à�§®¢�−−ãî ¨§ íâ®©
¯�àë.

� S-§�¤�ç� a á¢ï§�−� á s-§�¤�ç¥© b ¯® ¯�¬ïâ¨, ¥á«¨ áãé¥áâ¢ã¥â å®âï ¡ë ®¤−�
¯�à� í«¥¬¥−â®¢ {elem Mem[a], elem Mem[b]}, ¯à¨−�¤«¥¦�é¨å ¯�¬ïâ¨ Mem[a]
s-§�¤�ç¨ a ¨ ¯�¬ïâ¨ Mem[b] s-§�¤�ç¨ b, ®â−®á¨â¥«ì−® ª®â®à®© ®¯à¥¤¥«¥−® ®¡é¥¥
®§−�ç¨¢�−¨¥ (í«¥¬¥−âë ¨¬¥îâ ®¤−® ¨ â® ¦¥ ¬−®¦¥áâ¢® §−�ç¥−¨©). �ãáâì S
¨ H | ¬−®¦¥áâ¢� s-§�¤�ç ¨ D ≤ S ∗ S. …á«¨ ª�¦¤®© ¯�à¥ {s[i], s[j]} í«¥¬¥−â®¢
¨§ D áâ�¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ ®¯à¥¤¥«¥−−ë© í«¥¬¥−â ¨§ H, â® ¡ã¤¥¬ £®¢®à¨âì,
çâ® §�¤�−� äã−ªæ¨ï á¢ï§¨ ¯® ¯�¬ïâ¨ h = conn (s[i], s[j]). �à¨ íâ®¬ D ¡ã¤¥¬
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−�§ë¢�âì ®¡«�áâìî ®¯à¥¤¥«¥−¨ï äã−ªæ¨¨ conn ¨ ®¡®§−�ç�âìD [conn]. Œ−®¦¥áâ¢®
R = {h : elemH;h = conn (s[i], s[j]) ; s[i] : elemD[conn], s[j] : elemD[conn]}
−�§ë¢�¥âáï ®¡«�áâìî §−�ç¥−¨© äã−ªæ¨¨ conn. �

’¨¯ á¢ï§¨ §�¢¨á¨â ®â á®¤¥à¦¨¬®£® ¯¥à¥á¥ç¥−¨ï ¯® ¯�¬ïâ¨: á®áâ�¢«¥−� «¨
á¢ï§ì ¨§ í«¥¬¥−â®¢ ¢ëå®¤� ®¤−®© ¨ ¢å®¤� ¤àã£®© §�¤�ç¨, ¨§ í«¥¬¥−â®¢ ¢ëå®¤®¢
§�¤�ç ¨«¨ ¨§ í«¥¬¥−â®¢ ¨å ¢å®¤®¢ ¨«¨ ¦¥ á¢ï§ì ¯®«ãç¥−� ¯ãâ¥¬ ª®¬¡¨−�æ¨¨
¯à¥¤ë¤ãé¨å á¯®á®¡®¢.

�ã¤¥¬ ®¡®§−�ç�âì äã−ªæ¨î á¢ï§¨ ¯® ¯�¬ïâ¨ â¨¯� ¢å®¤{¢å®¤ ç¥à¥§ conn [x],
¢ëå®¤{¢å®¤ | ç¥à¥§ conn [yx] ¨ ¢ëå®¤{¢ëå®¤ | ç¥à¥§ conn [y].

3.2 Специализация и обобщение

S-§�¤�ç� ¬®¦¥â ¡ëâì ¯à®®¡à�§®¬ −¥ª®â®à®£® −¥¯ãáâ®£® ¬−®¦¥áâ¢� s-§�¤�ç ¨«¨
®¡à�§®¬ −¥ª®â®à®£® ¯à®®¡à�§� «¨¡® ¡ëâì ®¤−®¢à¥¬¥−−® ¨ ®¡à�§®¬ ª�ª®©-â® ®¤−®©
s-§�¤�ç¨, ¨ ¯à®®¡à�§®¬ −¥ª®â®à®£® ¬−®¦¥áâ¢� ¤àã£¨å s-§�¤�ç.

�à¥¤ãá¬®âà¥−ë á«¥¤ãîé¨¥ â¨¯ë à®¤®¢ëå á¢ï§¥© ¬¥¦¤ã s-§�¤�ç�¬¨:

{ s-(á¯¥æ¨�«¨§�æ¨ï §�¤�ç¨) | ãª�§�−¨¥ −� s-§�¤�çã b, ç�áâ−ãî ¯® ®â−®è¥−¨î ª
¨áå®¤−®© s-§�¤�ç¥ a: b = a::rule;

{ s-(®¡®¡é¥−¨¥ §�¤�ç¨) | ãª�§�−¨¥ −� s-§�¤�çã b, ª®â®à�ï á«ã¦¨â ®¡®¡é¥−¨¥¬
¨áå®¤−®© s-§�¤�ç¨ a: b = a#rule ¨«¨ b = a#(rule← rule G).

3.3 Конструирование

� S-(ª®−áâàã¨à®¢�−¨¥ §�¤�ç¨) à¥�«¨§ã¥âáï ¯®áà¥¤áâ¢®¬ á¢ï§¨ ¯® ¯�¬ïâ¨
¬¥¦¤ã §�¤�ç�¬¨. �«¥¬¥−â�à−�ï §�¤�ç−�ï ª®−áâàãªæ¨ï | íâ® §�¤�ç−�ï ¯�à�. ˆ§
§�¤�ç−ëå ¯�à ¬®¦−® ¯®áâà®¨âì ¡®«¥¥ á«®¦−ãî ª®−áâàãªæ¨î, ¥á«¨ à�áá¬�âà¨¢�âì
¨å ª�ª §�¤�ç−ë¥ í«¥¬¥−âë. ‹î¡�ï §�¤�ç−�ï ª®−áâàãªæ¨ï, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â
¡ëâì ¨á¯®«ì§®¢�−� ª�ª á®áâ�¢«ïîé�ï ¥é¥ ¡®«¥¥ á«®¦−®© §�¤�ç−®© ª®−áâàãª-
æ¨¨. �

� S-§�¤�ç� −�§ë¢�¥âáï �â®¬�à−®©, ¥á«¨ ¥¥ ä®à¬ã«¨à®¢ª� −¥ ¯à¥¤áâ�¢«¥−�
¢ ¢¨¤¥ áâàãªâãàë, §�¤�−−®© −� −¥ª®â®à®¬ ¬−®¦¥áâ¢¥ ä®à¬ã«¨à®¢®ª ¤àã£¨å
s-§�¤�ç. �

�ã¤¥¬ â�ª¦¥ £®¢®à¨âì ®¡ �â®¬�à−®© s-§�¤�ç¥ ª�ª ® ¯à®áâ®© s-§�¤�ç¥. �à®á-
â�ï §�¤�ç� (á â®çª¨ §à¥−¨ï ¯®áâà®¨â¥«ï §�¤�ç−ëå ª®−áâàãªæ¨©) −¥ −�¤¥«¥−�
¢−ãâà¥−−¥© áâàãªâãà®© ¨ ¯®â®¬ã −¥ ¯®¤«¥¦¨â ¤¥ª®¬¯®§¨æ¨¨.

Š�¦¤�ï §�¤�ç−�ï ª®−áâàãªæ¨ï ¬®¦¥â ¡ëâì ®¡êï¢«¥−� −¥ª®â®à®© −®¢®© §�-
¤�ç¥©. ‚ á¢®î ®ç¥à¥¤ì, íâ¨ −®¢ë¥ §�¤�ç¨ ¢¬¥áâ¥ á �â®¬�à−ë¬¨ ¬®£ãâ ¡ëâì
¯à¨¬¥−¥−ë ¯à¨ ª®−áâàã¨à®¢�−¨¨ §�¤�ç.

3.4 Конкретизация

� S-(ª®−ªà¥â¨§�æ¨ï §�¤�ç¨) | íâ® ¯¥à¥å®¤ (ä®à¬ã«¨à®¢ª�→ á¨áâ¥¬� ®¡ï-
§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨« à¥è¥−¨ï §�¤�ç¨→ �«£®à¨â¬→ §�£®â®¢ª�
¯à®£à�¬¬ë→ ¯à®£à�¬¬�). �

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014 197



�. ‚. ˆ«ì¨−, ‚. „. ˆ«ì¨−

„«ï s-§�¤�ç, ¨¬¥îé¨å ¯ãáâ®¥ ¬−®¦¥áâ¢® ¯à®£à�¬¬ (Prog = 0), ª®−ªà¥â¨§�æ¨ï
§�¢¥àè�¥âáï ¢ë¡®à®¬ ¨«¨ à�§à�¡®âª®© �«£®à¨â¬�. …á«¨ ¨ Alg = 0, s-§�¤�-
ç� ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¢ s-(ª®−áâàã¨à®¢�−¨¨ §�¤�ç), −® −¥ ¬®¦¥â ¡ëâì
ª®−ªà¥â¨§¨à®¢�−�.

4 Система знаний об s-задачах

� C¨áâ¥¬� pS §−�−¨© ® §�¤�ç−ëå ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ�å (−�§ë¢�¥¬ëå
â�ª¦¥ p-®¡ê¥ªâ�¬¨) | íâ® âà¨�¤� 〈pA, lng, intr〉, £¤¥ pA | §�¤�ç−�ï ®¡«�áâì,
lng | ï§ëª á¯¥æ¨ä¨ª�æ¨¨ p-®¡ê¥ªâ®¢, intr | ¨−â¥à¯à¥â�â®à á¯¥æ¨ä¨ª�æ¨©
¨áª®¬ëå p-®¡ê¥ªâ®¢ −� pA. �

4.1 Модель задачной области

�ãáâì P | ¬−®¦¥áâ¢® ¢á¥å p-®¡ê¥ªâ®¢, � A < P | ¥£® −¥¯ãáâ®¥ ¯®¤¬−®-
¦¥áâ¢®. �à¨ íâ®¬ ¢ A (á®¤¥à¦�é¥¬ −¥ ¬¥−¥¥ ¤¢ãå í«¥¬¥−â®¢) −¥ áãé¥áâ¢ã¥â −¨
®¤−®£® í«¥¬¥−â�, ª®â®àë© −¥ ¡ë« ¡ë á¢ï§�− ¯® ¯�¬ïâ¨ å®âï ¡ë á ®¤−¨¬ í«¥¬¥−â®¬
¨§ A.

� S-¬®¤¥«ì pa §�¤�ç−®© ®¡«�áâ¨ pA | íâ® p-®¡ê¥ªâ, ª®â®àë© §�¤�¥âáï ¯�à®©
〈¯�¬ïâì mem[A] ¬−®¦¥áâ¢� §�¤�çA §�¤�ç−®© ®¡«�áâ¨ pA〉, 〈á¥¬¥©áâ¢® rul(mem[A])
á¢ï§¥©, §�¤�−−ëå −� mem[A]〉.

�¥¯ãáâ®¥ ¬−®¦¥áâ¢® mem[A] í«¥¬¥−â®¢ ¯�¬ïâ¨ à�§¡¨â® −� âà¨ ¯®¤¬−®¦¥áâ¢�:
¢å®¤®¢ inp[A] §�¤�ç, ¢ëå®¤®¢ out[A] §�¤�ç ¨ ¯®¤¬−®¦¥áâ¢® or[A], ª�¦¤ë© ¨§
í«¥¬¥−â®¢ ª®â®à®£® ï¢«ï¥âáï ¨ ¢å®¤®¬, ¨ ¢ëå®¤®¬ −¥ª®â®àëå §�¤�ç. ‹î¡®¥ ®¤−®
¨§ íâ¨å ¯®¤¬−®¦¥áâ¢ ¬®¦¥â ¡ëâì ¯ãáâë¬; ¬®£ãâ ¡ëâì ®¤−®¢à¥¬¥−−® ¯ãáâë¬¨
inp[A] ¨ out[A]. �

‚ ®â«¨ç¨¥ ®â ¯�¬ïâ¨ §�¤�ç¨, á®áâ®ïé¥© ¨§ ¢å®¤� ¨ ¢ëå®¤�, ¯�¬ïâì §�¤�ç−®©
®¡«�áâ¨ á®¤¥à¦¨â ¯®¤¬−®¦¥áâ¢® or í«¥¬¥−â®¢ ¯�¬ïâ¨, ª�¦¤ë© ¨§ ª®â®àëå ¬®¦¥â
¡ëâì ¨«¨ §�¤�− (ª�ª ¢å®¤−®©), ¨«¨ ¢ëç¨á«¥− (ª�ª ¢ëå®¤−®©). �ã¤¥¬ −�§ë¢�âì â�-
ª¨¥ í«¥¬¥−âë ¯�¬ïâ¨ ®¡à�â¨¬ë¬¨, � or | ¯®¤¬−®¦¥áâ¢®¬ ®¡à�â¨¬ëå í«¥¬¥−â®¢.
�®¤¬−®¦¥áâ¢® inp ¡ã¤¥¬ −�§ë¢�âì ¯®¤¬−®¦¥áâ¢®¬ §�¤�¢�¥¬ëå, � ¯®¤¬−®¦¥áâ¢®
out | ¯®¤¬−®¦¥áâ¢®¬ ¢ëç¨á«ï¥¬ëå í«¥¬¥−â®¢.

‡�¤�ç−�ï ®¡«�áâì pA á«ã¦¨â s-¬®¤¥«ìî [1, 12], −� ª®â®à®© ¨−â¥à¯à¥â¨àãîâáï
á¯¥æ¨ä¨ª�æ¨¨ ¨áª®¬ëå §�¤�ç, á®áâ�¢«¥−−ë¥ −� ï§ëª¥ lng.

4.2 Интерпретация и разрешающая структура

♦ ˆ−â¥à¯à¥â�æ¨ï §�ª«îç�¥âáï ¢ ¯®áâ�−®¢ª¥ ¢ á®®â¢¥âáâ¢¨¥ −¥ª®â®à®¬ã ¯®¤-
¬−®¦¥áâ¢ã (¨«¨ ¯�à¥ ¯®¤¬−®¦¥áâ¢) ¯�¬ïâ¨ mem[A] −¥ª®â®à®© ¯®¤®¡«�áâ¨ §�-
¤�ç−®© ®¡«�áâ¨ pA, −�§¢�−−®© à�§à¥è�îé¥© áâàãªâãà®©. ˆ−â¥à¯à¥â�æ¨ï á¯¥-
æ¨ä¨ª�æ¨¨ ¨áª®¬®£® p-®¡ê¥ªâ� −� pA | íâ® ª®−áâàãªâ¨¢−®¥ ¤®ª�§�â¥«ìáâ¢®
áãé¥áâ¢®¢�−¨ï à�§à¥è�îé¥© áâàãªâãàë. ♦
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4.3 Задачные графы

� ‡�¤�ç−ë© £à�ä á«ã¦¨â ¯à¥¤áâ�¢«¥−¨¥¬ §�¤�ç−®© ®¡«�áâ¨, à�ááç¨â�−−ë¬
−� à¥�«¨§�æ¨î ¯à®æ¥áá� p-ª®−áâàã¨à®¢�−¨ï ¨ ä®à¬�«¨§�æ¨î §�¤�ç−ëå §−�−¨©.
Œ−®¦¥áâ¢® ¢¥àè¨− £à�ä� á®áâ�¢«¥−® ¨§ §�¤�ç−ëå ®¡ê¥ªâ®¢. �−® −�§ë¢�¥âáï
§�¤�ç−ë¬ ¡�§¨á®¬ £à�ä� ¨ ®¡®§−�ç�¥âáï p-basis. ÷¥¡à® §�¤�ç−®£® £à�ä� | íâ®
¯�à� ¢¥àè¨− á −¥¯ãáâë¬ ¯¥à¥á¥ç¥−¨¥¬ ¯® ¯�¬ïâ¨. ��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï
¬−®¦¥áâ¢®¬ ¢á¥å ¯�à í«¥¬¥−â®¢ ¯�¬ïâ¨, ¢å®¤ïé¨å ¢ íâ® ¯¥à¥á¥ç¥−¨¥. Š�¦¤�ï
¢¥àè¨−� £à�ä� ¨¬¥¥â ¯�¬ïâì. ��¬ïâì ¢¥àè¨−ë | íâ® ¯�¬ïâì §�¤�ç¨ (¨«¨
§�¤�ç−®© ®¡«�áâ¨), ª®â®àãî ¯à¥¤áâ�¢«ï¥â ¢¥àè¨−�. �

� ‘®áâ�¢−�ï §�¤�ç� comp | ¯®¤®¡«�áâì §�¤�ç−®© ®¡«�áâ¨ pA, ª®â®à�ï
á®¤¥à¦¨â −¥ ¬¥−¥¥ ¤¢ãå í«¥¬¥−â®¢ ¨§ ¬−®¦¥áâ¢� §�¤�ç A ¨ −� ¯�¬ïâ¨ ª®â®à®©
§�¤�−® à�§¡¨¥−¨¥: mem[comp] = inp[comp]∨out[comp]; inp[comp]∧out[comp] = 0,
®¯à¥¤¥«ïîé¥¥ ¢å®¤ inp[comp] ¨ ¢ëå®¤ out[comp] á®áâ�¢−®© §�¤�ç¨. ‘®áâ�¢−®©
§�¤�ç¥ ¯®áâ�¢«¥− ¢ á®®â¢¥âáâ¢¨¥ ®à¨¥−â¨à®¢�−−ë© £à�ä, ¢¥àè¨−�¬¨ ª®â®à®£®
ï¢«ïîâáï §�¤�ç¨. Š�¦¤�ï ¢¥àè¨−� ¯®¬¥ç¥−� ¨¬¥−¥¬ §�¤�ç¨. ÷¥¡à� £à�ä� | íâ®
¯�àë §�¤�ç á −¥¯ãáâë¬¨ ¯¥à¥á¥ç¥−¨ï¬¨ ¯® ¯�¬ïâ¨. �

♦ ‘®áâ�¢−�ï §�¤�ç� ¬®¦¥â ¡ëâì ¯®áâà®¥−� ¯ãâ¥¬ ¯®á«¥¤®¢�â¥«ì−®£® ¯à¨¬¥-
−¥−¨ï äã−ªæ¨© á¢ï§¨ ¯® ¯�¬ïâ¨. ♦

� ‚ §�¢¨á¨¬®áâ¨ ®â á®áâ�¢� ¢¥àè¨− ®¯à¥¤¥«¨¬ á«¥¤ãîé¨¥ â¨¯ë §�¤�ç−ëå
£à�ä®¢:

{ U-£à�ä ¨¬¥¥â ¬−®¦¥áâ¢® ¢¥àè¨− â®«ìª® ¨§ ¯à®áâëå §�¤�ç;

{ ¢ C-£à�ä¥ å®âï ¡ë ®¤−� ¢¥àè¨−� ¯à¥¤áâ�¢«¥−� á®áâ�¢−®© §�¤�ç¥© ¨ −¥â
¢¥àè¨−, ¯à¥¤áâ�¢«ïîé¨å á®¡®© §�¤�ç−ãî ®¡«�áâì;

{ ¢ G-£à�ä¥ −¥ ¬¥−¥¥ ®¤−®© ¢¥àè¨−ë ¯à¥¤áâ�¢«¥−® §�¤�ç−®© ®¡«�áâìî (®áâ�«ì-
−ë¥ ¬®£ãâ ¡ëâì ¯à®áâë¬¨ ¨ á®áâ�¢−ë¬¨ §�¤�ç�¬¨).

‘¢ï§−ë© £à�ä á −¥¯ãáâë¬ ¬−®¦¥áâ¢®¬ à¥¡¥à ¨ §�¤�ç−ë¬ ¡�§¨á®¬ p-basis,
¢á¥ í«¥¬¥−âë ª®â®à®£® ï¢«ïîâáï ¯à®áâë¬¨ §�¤�ç�¬¨, −�§ë¢�¥âáï U-£à�ä®¬ ¨
®¡®§−�ç�¥âáï U-graph: U-graph = (p-basis, set[ver]), £¤¥ set[ver] | ¬−®¦¥áâ¢®
à¥¡¥à §�¤�ç−®£® £à�ä�. �¡ê¥¤¨−¥−¨¥ ¯�¬ïâ¨ §�¤�ç−ëå ¢¥àè¨−, á®áâ�¢«ïîé¨å
¡�§¨á, −�§ë¢�¥âáï ¯�¬ïâìî U-£à�ä� ¨ ®¡®§−�ç�¥âáï mem[U-graph].

�� ¯�¬ïâ¨ U-£à�ä� §�¤�−® à�§¡¨¥−¨¥ −� ¯®¤¬−®¦¥áâ¢�:

{ Giv[U-graph] §�¤�¢�¥¬ëå (¢å®¤−ëå) í«¥¬¥−â®¢ ¯�¬ïâ¨;

{ Comput[U-graph] ¢ëç¨á«ï¥¬ëå (¢ëå®¤−ëå) í«¥¬¥−â®¢ ¯�¬ïâ¨;

{ Or[U-graph] ®¡à�â¨¬ëå í«¥¬¥−â®¢ ¯�¬ïâ¨ (®¯à¥¤¥«ï¥âáï à�§−®áâìî
mem[U-graph]\(Giv[U-graph]∨Comput[U-graph])).

��¬ïâì C-£à�ä� ¨ ¯�¬ïâì G-£à�ä� ®¡®§−�ç�îâáï ¨ ®¯à¥¤¥«ïîâáï �−�«®£¨ç−®
¯�¬ïâ¨ U-£à�ä�. �
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4.4 G-графы — средство формализации знаний о p-объектах

‘¨áâ¥¬� §−�−¨© ®¡ s-§�¤�ç�å ®¡¥á¯¥ç¨¢�¥â ¯à®æ¥ááë s-(á¯¥æ¨�«¨§�æ¨¨, ª®−-
ªà¥â¨§�æ¨¨ ¨ ª®−áâàã¨à®¢�−¨ï).

♦ ‚®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï ¢ §�¤�ç−®¬ £à�ä¥ ®¤−®£® ¨«¨ −¥áª®«ìª¨å
ã§«®¢, ï¢«ïîé¨åáï §�¤�ç−ë¬¨ ®¡«�áâï¬¨, ¨¬¥¥â ¯à¨−æ¨¯¨�«ì−®¥ §−�ç¥−¨¥ ¤«ï
ä®à¬�«¨§�æ¨¨ §�¤�ç−ëå §−�−¨©. ♦

Š®−ªà¥â−ë¬ ¢®¯«®é¥−¨¥¬ §�¤�ç−®© ®¡«�áâ¨ ¬®¦¥â ¡ëâì £à�ä «î¡®£® â¨¯�
(U-, C- ¨«¨ G-£à�ä). ’®â ä�ªâ, çâ® G-£à�ä ¬®¦¥â §�¬¥é�âì §�¤�ç−ë© ã§¥«,
¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì ¯à®¨§¢®«ì−®£® ãá«®¦−¥−¨ï §�¤�ç−®© ®¡«�áâ¨. �−�
¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−�, ¢ ç�áâ−®áâ¨, ¯®áà¥¤áâ¢®¬ G-£à�ä�, ¡�§¨á ª®â®à®£®
á®áâ®¨â â®«ìª® ¨§ ¢¥àè¨−, ¯à¥¤áâ�¢«¥−−ëå G-£à�ä�¬¨. �®áâà®¥−¨¥ ¬−®¦¥-
áâ¢� §�¤�ç−ëå ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ®¢ ¢ á®áâ�¢¥ á¨áâ¥¬ë §−�−¨© ®¡ s-§�¤�ç�å
®á−®¢�−® −� ¨áç¨á«¥−¨¨ p-®¡ê¥ªâ®¢ [6{12, 14, 15].

5 Прикладное значение

Š®−áâàã¨à®¢�−¨¥ à�§à¥è�îé¨å áâàãªâãà −� §�¤�ç−ëå £à�ä�å [7, 11, 12] ¯®-
§¢®«ï¥â ¯ãâ¥¬ ¨−â¥à¯à¥â�æ¨¨ ¨−â¥à�ªâ¨¢−® ä®à¬¨àã¥¬®© á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç¨
¯®«ãç¨âì á®®â¢¥âáâ¢ãîéãî ¥© áâàãªâãàã à�§à¥è¨¬ëå §�¤�ç. ÷¥�«¨§�æ¨ï á¨áâ¥-
¬ë §−�−¨© ®¡ s-§�¤�ç�å ¨ ¬¥â®¤®«®£¨¨ ª®−áâàã¨à®¢�−¨ï à�§à¥è�îé¨å áâàãªâãà
§−�ç¨â¥«ì−® ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

♦ �à¨¬¥−¨â¥«ì−® ª ª®−áâàã¨à®¢�−¨î à�§à¥è�îé¨å áâàãªâãà −� §�¤�ç−ëå
£à�ä�å áãé¥áâ¢®¢�−¨¥ −�¡®à� â¥áâ®¢ëå ¯à¨¬¥à®¢ ¤«ï ª�¦¤®£® p-®¡ê¥ªâ� |
−¥®¡å®¤¨¬®¥ ãá«®¢¨¥ à¥�«¨§�æ¨¨ ¬¥â®¤®«®£¨¨. ‡�¬¥â¨¬, çâ® â¥áâ¨à®¢�−¨¥ ¯®-
«ãç¥−−®© à�§à¥è�îé¥© áâàãªâãàë ¢å®¤¨â ¢ ª®−áâàãªâ¨¢−®¥ ¤®ª�§�â¥«ìáâ¢® ¥¥
áãé¥áâ¢®¢�−¨ï. ♦

�ë−¥è−¨¥ ¡¨¡«¨®â¥ª¨ ¯à®£à�¬¬ à�§«¨ç−®£® −�§−�ç¥−¨ï −¥ ¢á¥£¤� ã¤®¢«¥-
â¢®àïîâ âà¥¡®¢�−¨ï¬, ¯à¥¤êï¢«ï¥¬ë¬ ª s-¬®¤¥«¨ §�¤�ç−®£® ª®−áâàãªâ¨¢−®£®
®¡ê¥ªâ�. —�áâ® ®−¨ −¥ á®¤¥à¦�â ááë«®ª −� −�¡®àë â¥áâ®¢ëå ¯à¨¬¥à®¢. �¥â
¢®§¬®¦−®áâ¨ ¯à®â¥áâ¨à®¢�âì á®áâ�¢«ïîé¨¥ −ë−¥è−¨å ®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨
à�¡®â�îé¨å ¯®¤ ¨å ã¯à�¢«¥−¨¥¬ ¯à¨«®¦¥−¨©. �à�¢¨«® ¯à®¤�¢�âì ¯à®£à�¬¬−ë¥
¯à®¤ãªâë á §�à�−¥¥ ®£®¢®à¥−−®© ¢®§¬®¦−®áâìî ¤®áâã¯� ª −�¡®à�¬ â¥áâ®¢ëå ¯à¨-
¬¥à®¢ (¢ë«®¦¥−−ëå −� á�©â¥ ¯à®¨§¢®¤¨â¥«ï) §�¬¥â−® ã¬¥−ìè¨â ç¨á«® ®è¨¡®ª
¨ ãï§¢¨¬®áâ¥© −� íâ�¯¥ à�§à�¡®âª¨ ¨ ã¢¥«¨ç¨â ¢¥à®ïâ−®áâì ¨å ¢ëï¢«¥−¨ï ¯®á«¥
−�ç�«� íªá¯«ã�â�æ¨¨. ˆ§¢¥áâ−®, çâ® á®áâ�¢«¥−¨¥ −�¡®à®¢ â¥áâ®¢ëå ¯à¨¬¥à®¢ âà¥-
¡ã¥â ¯®−¨¬�−¨ï −¥ â®«ìª® áãâ¨ §�¤�ç¨, ¢ë¯®«−ï¥¬®© â¥áâ¨àã¥¬®© ¯à®£à�¬¬®©,
−® ¨ ¤®¯ãáâ¨¬ëå ãá«®¢¨© ¥¥ ¯à¨¬¥−¥−¨ï. …á«¨ ¯à�¢¨«® ¯à¥¤êï¢«ïâì ¯®âà¥-
¡¨â¥«î −�¡®àë â¥áâ®¢ëå ¯à¨¬¥à®¢ áâ�−¥â ®¡ï§�â¥«ì−ë¬, ¨§¬¥−¨âáï ®â−®è¥−¨¥
à�§à�¡®âç¨ª®¢ ¨ ª ¨§£®â®¢«¥−¨î â�ª¨å −�¡®à®¢, ¨ ª ¯à®¨§¢®¤áâ¢ã ¯à®£à�¬¬−ëå
¯à®¤ãªâ®¢.
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6 Заключение

÷�áá¬®âà¥−−ë¥ ®á−®¢ë ¬¥â®¤®«®£¨¨ á¨áâ¥¬�â¨§�æ¨¨ á¨¬¢®«ì−ëå ¬®¤¥«¥©
¯à®£à�¬¬¨àã¥¬ëå §�¤�ç à�ááç¨â�−ë −� ¯®áâà®¥−¨¥ á¨áâ¥¬ §−�−¨© ® §�¤�ç�å. Œ¥-
â®¤®«®£¨ï ¯à¨¬¥−¨¬� ¤«ï ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ® §�¤�ç�å −¥ â®«ìª® ¢ á¨áâ¥¬�å
�¢â®¬�â¨§¨à®¢�−−®£® ª®−áâàã¨à®¢�−¨ï ¯à®£à�¬¬ [7, 11, 12], ¯à¨ à�§à�¡®âª¥ ¨
¨áá«¥¤®¢�−¨ïå ª®â®àëå ®−� áä®à¬¨à®¢�«�áì, −® ¨ ¤«ï ¯à¥¤áâ�¢«¥−¨ï §−�−¨©
® §�¤�ç�å ¢ á¨áâ¥¬�å �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï «î¡®£® −�§−�ç¥−¨ï.
��ª®¯«¥− ®¯ëâ ãá¯¥è−®£® ¯à¨¬¥−¥−¨ï íâ®© ¬¥â®¤®«®£¨¨ ¯à¨ à�§à�¡®âª¥ ¯à¨«®-
¦¥−¨© [13] ¨ ä®à¬¨à®¢�−¨¨ ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢ [10].
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ABOUT PROGRAMMABLE TASKS
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Abstract: The article describes basics of the methodology for systematization
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ИСПОЛЬЗОВАНИЕ ХЕШ-ФУНКЦИЙ ДЛЯ ПОВЫШЕНИЯ
СКОРОСТИ МОРФОЛОГИЧЕСКОГО АНАЛИЗА РУССКИХ

ТЕКСТОВ

Н. В. Сомин1, М. М. Шарнин2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¬®àä®«®-
£¨ç¥áª®£® �−�«¨§� àãááª®£® ï§ëª�. �¯¨áë¢�¥âáï à�§à�¡®â�−−�ï ¢ ˆ�ˆ ÷��
á¨áâ¥¬� ¬®àä®«®£¨ç¥áª®£® �−�«¨§�: −�¡®à ¬®àä®«®£¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ¨
�«£®à¨â¬ë à�¡®âë. “ª�§ë¢�îâáï §�¤�ç¨ ¨ á¨áâ¥¬ë, á¢ï§�−−ë¥ á ¯à®¡«¥¬®©
«®£¨ª®-á¥¬�−â¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢, ¢ ª®â®àëå ¤�−−�ï ¬®àä®«®£¨ç¥áª�ï
á¨áâ¥¬� −�è«� ¯à¨¬¥−¥−¨¥. �¡áã¦¤�îâáï ®á®¡¥−−®áâ¨ á¨áâ¥¬ë á â®çª¨ §à¥-
−¨ï §�−¨¬�¥¬®© ¯�¬ïâ¨ ¨ áª®à®áâ¨ à�¡®âë. �à¥¤«�£�¥âáï á¯®á®¡ åà�−¥−¨ï
¬®àä®-«¥ªá¨ç¥áª®© ¨−ä®à¬�æ¨¨ á ¯®¬®éìî å¥è-äã−ªæ¨©, ®¡¥á¯¥ç¨¢�îé¨å
¢ëá®ªãî áª®à®áâì ¤®áâã¯�. �¡áã¦¤�îâáï âàã¤−®áâ¨, ¢®§−¨ª�îé¨¥ ¯à¨ à¥�«¨-
§�æ¨¨ â�ª®£® ¯®¤å®¤�, ¨ à�áá¬�âà¨¢�îâáï ¯ãâ¨ ¨å ¯à¥®¤®«¥−¨ï. �à¨¢®¤¨âáï
áâàãªâãà� ¨−ä®à¬�æ¨®−−ëå ¬�áá¨¢®¢ −®¢®© ¢¥àá¨¨ ¨ à¥�«¨§®¢�−−ë¥ ¢ −¥©
¯®¨áª®¢ë¥ �«£®à¨â¬ë, � â�ª¦¥ ¤�îâáï á¢¥¤¥−¨ï ¯® ¯®¤á¨áâ¥¬¥ ¢¢®¤� ¨ ª®àà¥ª-
â¨à®¢ª¨ ¬®àä®«®£¨ç¥áª®© ¨−ä®à¬�æ¨¨. �à¨¢®¤ïâáï ª®−ªà¥â−ë¥ ¯�à�¬¥âàë
−®¢®© à¥�«¨§�æ¨¨ ¬®àä®«®£¨ç¥áª®© á¨áâ¥¬ë ¨ ¤�−−ë¥ ¯® ãáª®à¥−¨î à�¡®âë
¯® áà�¢−¥−¨î á ¯à¥¤ë¤ãé¥© ¢¥àá¨¥©. ‚ §�ª«îç¥−¨¥ ®¡áã¦¤�îâáï ¢®§¬®¦-
−®áâ¨ ¯® à�§¢¨â¨î −®¢®© ¢¥àá¨¨ ¬®àä®«®£¨¨ ¨ ¯¥à¥−¥á¥−¨î ¯à¥¤«®¦¥−−®£®
¯®¤å®¤� ª à¥�«¨§�æ¨¨ −� ¤àã£¨¥ ª®¬¯®−¥−âë «¨−£¢¨áâ¨ç¥áª®£® ¯à®æ¥áá®à�.

Š«îç¥¢ë¥ á«®¢�: ¬®àä®«®£¨ç¥áª¨© �−�«¨§; «¨−£¢¨áâ¨ç¥áª¨© ¯à®æ¥áá®à;
¬®àä®«®£¨ç¥áª�ï ®¬®−¨¬¨ï; å¥è-äã−ªæ¨ï
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1 Введение

‡�¤�ç� ¬®àä®«®£¨ç¥áª®£® �−�«¨§�â®à� | −®à¬�«¨§�æ¨ï á«®¢, −�¨¡®«¥¥ ¯®«-
−®¥ ¨ â®ç−®¥ ®¯à¥¤¥«¥−¨¥ ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢ «¥ªá¥¬, � â�ª¦¥ (¢ àï¤¥
á«ãç�¥¢) −�å®¦¤¥−¨¥ ¨å á¥¬�−â¨ç¥áª®£® ª«�áá�. �â¬¥â¨¬, çâ® ª −�áâ®ïé¥¬ã
¢à¥¬¥−¨ à�§à�¡®â�− æ¥«ë© àï¤ ¬®àä®«®£¨ç¥áª¨å �−�«¨§�â®à®¢ àãááª®£® ï§ë-
ª�, áà¥¤¨ ª®â®àëå ¬®¦−® ®â¬¥â¨âì [1{3]. �¢â®àë ¯à¨−¨¬�«¨ ãç�áâ¨¥ ¢ á®-
§¤�−¨¨ à�§à�¡®â�−−®© ¢ ˆ�ˆ ÷�� á¨áâ¥¬ë ¬®àä®«®£¨ç¥áª®£® �−�«¨§� [4],
� â�ª¦¥ ¥¥ ¨−â¥£à�æ¨¨ ¢ á®áâ�¢ æ¥«®£® àï¤� «¨−£¢¨áâ¨ç¥áª¨å ¯à®æ¥áá®à®¢:

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, somin@post.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, mc@keywen.com
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úŠà¨¬¨−�«û, ú�−�«¨â¨ªû, ú�®â®ªû, ú‹¨−£¢®¯à®æ¥áá®àû, ú‹¨−£¢®-ˆˆû [5{
11] ¨ àï¤� ¤àã£¨å. �®¬¨¬® íâ®£® á¨áâ¥¬� ¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¯à¨¬¥−ï«�áì
¯à¨ à¥�«¨§�æ¨¨ íªá¯¥à¨¬¥−â�«ì−ëå «¨−£¢¨áâ¨ç¥áª¨å ¯à®æ¥áá®à®¢ �‘‘…ˆ‘’
¨ ’…÷Œˆ�-3 [12], � â�ª¦¥ ¢ á¨áâ¥¬�å àã¡à¨æ¨à®¢�−¨ï â¥ªáâ®¢ [13, 14]. �¯ëâ
íªá¯«ã�â�æ¨¨ ¬®àä®«®£¨ç¥áª®© á¨áâ¥¬ë ®âà�¦¥− ¢ à�¡®â¥ [4]. ‚¥§¤¥ ¢å®¤−®©
¯®â®ª â¥ªáâ®¢, ¯à®å®¤ï ç¥à¥§ ¬®àä®«®£¨ç¥áª¨© ¡«®ª (¨−â¥£à¨à®¢�−−ë© á ¡«®ª®¬
«¥ªá¨ç¥áª®£® �−�«¨§�), ¤®¯®«−ï«áï ¯®¤à®¡−®© ¬®àä®-«¥ªá¨ç¥áª®© ¨−ä®à¬�æ¨¥©,
−� ®á−®¢¥ ª®â®à®© ã¦¥ ¯à®¨§¢®¤¨«áï ¤�«ì−¥©è¨© �−�«¨§.

�¤−�ª® ¢ á¢ï§¨ á ¤®áâã¯−®áâìî −� á®¢à¥¬¥−−®¬ íâ�¯¥ ®£à®¬−®£® ª®«¨ç¥áâ¢�
â¥ªáâ®¢ ¨§ ˆ−â¥à−¥â� ¨, á®®â¢¥âáâ¢¥−−®, −¥®¡å®¤¨¬®áâìî ®¡à�¡®âª¨ ¡®«ìè¨å
®¡ê¥¬®¢ ¤�−−ëå (Big Data) ª á¨áâ¥¬¥ ¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¯à¥¤êï¢«ïîâáï
−®¢ë¥ âà¥¡®¢�−¨ï. ‚ ç�áâ−®áâ¨ | âà¥¡®¢�−¨¥ ¢ëá®ª®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨.
�à¨ç¥¬, ª�ª ¯à¥¤áâ�¢«ï¥âáï, ã¯®¢�âì −� ¯à®áâ®¥ ã¢¥«¨ç¥−¨¥ áª®à®áâ¨ à�¡®âë
á®¢à¥¬¥−−ëå ¯à®æ¥áá®à®¢ −¥â ®á−®¢�−¨©, ¯®áª®«ìªã â¥¬¯ë à®áâ� ¨å ¢ëç¨á«¨â¥«ì-
−®© ¬®é−®áâ¨ ï¢−® ®âáâ�îâ ®â â¥¬¯®¢ ã¢¥«¨ç¥−¨ï ®¡ê¥¬®¢ â¥ªáâ®¢, âà¥¡ãîé¨å
®¡à�¡®âª¨. �®íâ®¬ã −¥®¡å®¤¨¬® ¨áª�âì ¤àã£¨¥ ¯ãâ¨ ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨
¬®àä®«®£¨ç¥áª®£® �−�«¨§�. �−¨ ¡ë«¨ −�©¤¥−ë ¢ ¨á¯®«ì§®¢�−¨¨ à¥áãàá� ®¯¥-
à�â¨¢−®© ¯�¬ïâ¨ á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à®¢, ª®â®àë© §� ¯®á«¥¤−¥¥ ¤¥áïâ¨«¥â¨¥
¢ëà®á ¡®«¥¥ ç¥¬ −� ¯®àï¤®ª. ˆ¬¥−−® §� áç¥â ¨á¯®«ì§®¢�−¨ï ¡®«ìè¥£® ®¡ê¥¬�
¯�¬ïâ¨ ¢ −®¢®© ¢¥àá¨¨ ¬®àä®«®£¨ç¥áª®© á¨áâ¥¬ë ã¤�«®áì áãé¥áâ¢¥−−® ¯®¢ëá¨âì
áª®à®áâì �−�«¨§�, −¥ ¯®â¥àï¢ (¨ ¤�¦¥ ã¢¥«¨ç¨¢) äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨
áâ�à®© ¢¥àá¨¨ á¨áâ¥¬ë.

2 Возможности системы морфологического анализа

÷�§à�¡®â�−−�ï á¨áâ¥¬� ¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¯®§¢®«ï¥â ®¡à�¡�âë¢�âì
â¥ªáâ −� àãááª®¬ ¨ �−£«¨©áª®¬ ï§ëª�å, ¢ë¯®«−ïï ¤«ï ª�¦¤®£® á«®¢� ®¯à¥¤¥«¥−¨¥
¥£® ª�−®−¨ç¥áª®© ä®à¬ë ¨ ¢ë¤�¢�ï ¥£® ¯®«−ë© ¬®àä®«®£¨ç¥áª¨© �−�«¨§. Šà®¬¥
â®£®, á¨áâ¥¬� ¯®§¢®«ï¥â:

{ ¢ë¯®«−ïâì £¥−¥à¨à®¢�−¨¥ ¢á¥© ¯�à�¤¨£¬ë á«®¢®ä®à¬ ¯® §�¤�−−®© á«®¢®-
ä®à¬¥;

{ ä®à¬¨à®¢�âì ¯à¥¤¬¥â−ë¥ â¥à¬¨−®«®£¨ç¥áª¨¥ á«®¢�à¨ ¨ ¨¤¥−â¨ä¨æ¨à®¢�âì
â¥à¬¨−ë á ãç¥â®¬ ¯�à�¤¨£¬�â¨ç¥áª¨å ¨§¬¥−¥−¨© [15].

�¨¦¥ ¯à¥¤áâ�¢«¥− −�¡®à ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢ á ãª�§�−¨¥¬ á®®â¢¥â-
áâ¢ãîé¨å á¨¬¢®«®¢ (−� ¯¥à¢®¬ ¬¥áâ¥) ¨ ä®à¬¨àã¥¬ëå −� ¨å ®á−®¢¥ äà�£¬¥−â®¢-
¯à¨§−�ª®¢ (¢ áª®¡ª�å | ®−¨ ¨á¯®«ì§ãîâáï ¯à®£à�¬¬�¬¨ á¥¬�−â¨ç¥áª®£® �−�«¨§�
−� ï§ëª¥ „…Š‹ [6]):

f | ä�¬¨«¨ï (FAM);
i | ¨¬ï (NAME );
h | ®âç¥áâ¢® (NAME 2);
N | áãé¥áâ¢¨â¥«ì−®¥ (NOUN);
A | ¯à¨«�£�â¥«ì−®¥ (ADJ);
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. | ¥¤¨−áâ¢¥−−®¥ ç¨á«® (¯® ã¬®«ç�−¨î);
: | ¬−®¦¥áâ¢¥−−®¥ ç¨á«® (MANY);
¬ | ¬ã¦áª®© à®¤;
¦ | ¦¥−áª¨© à®¤;
á | áà¥¤−¨© à®¤;
¨ | ¨¬¥−¨â¥«ì−ë©;
à | à®¤¨â¥«ì−ë© (Š�ƒ�) ;
¤ | ¤�â¥«ì−ë© (Š�Œ“);
¢ | ¢¨−¨â¥«ì−ë©;
â | â¢®à¨â¥«ì−ë© (Š…Œ);
¯ | ¯à¥¤«®¦−ë©;

D | ¤¥¥¯à¨ç�áâ¨¥ (DPRICH);
R | −�à¥ç¨¥ (ADJ);
G | ¬¥¦¤®¬¥â¨¥ (MZ);
U | ç¨á«¨â¥«ì−®¥ (NUM W);
O | ®â£«�£®«ì−®¥ ¯à¨«�£�â¥«ì−®¥ â¨¯� ú¡ë¢è¨©û, ú¡¨âë©û (ADJ O);
H | ç�áâ¨æ� (PART);
P | ¯à¥¤«®£ (PREP);

M | ¬¥áâ®¨¬¥−¨¥ (PRON);
T | ¯à¨ç�áâ¨¥ (PRICH);
V | £«�£®« (VERB);
S | á®î§ (CONJ);
E | ¬®¤�«ì−®¥ á«®¢® (VERB 2);
Z | ãª�§�â¥«ì−®¥ ¬¥áâ®¨¬¥−¨¥ úâ®âû, úíâ®âû (PRON);

W | ¢¢®¤−®¥ á«®¢® â¨¯� ú−�¤®û, . . . (AUX);
= | −�áâ®ïé¥¥;
> | ¡ã¤ãé¥¥;
< | ¯à®è¥¤è¥¥;
+ | ¯®«®¦¨â¥«ì−�ï áâ¥¯¥−ì (¯® ã¬®«ç�−¨î);
∗ | áà�¢−¨â¥«ì−�ï áâ¥¯¥−ì;
$ | ¯à¥¢®áå®¤−�ï áâ¥¯¥−ì;
« | 1-¥ «¨æ®;
‹ | 2-¥ «¨æ®;
L | 3-¥ «¨æ®;
� | ¯®«−�ï ä®à¬� (¯® ã¬®«ç�−¨î | FULL);
ª | ªà�âª�ï ä®à¬� (SHORT);
ƒ | ®¤−®¢à¥¬¥−−® áãé¥áâ¢¨â¥«ì−®¥ + ¯à¨«�£�â¥«ì−®¥, ç¨á«¨â¥«ì−®¥,

¯à¨ç�áâ¨¥ (ú¬�«ë©û, ú−¨é¨©û);
ä | ¨−ä¨−¨â¨¢ (INFIN);
ê | ¨§êï¢¨â¥«ì−®¥ −�ª«®−¥−¨¥;
! | ¯®¢¥«¨â¥«ì−®¥ −�ª«®−¥−¨¥;
ï | ä®à¬� ¡¥§ -áï/-áì (¯® ã¬®«ç�−¨î);
I | ®¤ãè¥¢«¥−−®¥;
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X | −¥®¤ãè¥¢«¥−−®¥;
) | ¡¥§«¨ç−ë© £«�£®«;
{ | «¨ç−ë©/¡¥§«¨ç−ë© £«�£®«;
[ | «¨ç−®¥ ¬¥áâ®¨¬¥−¨¥;
v | «¨ç−ë© £«�£®«;
} | «¨ç−ë©/¡¥§«¨ç−ë© £«�£®«;

/ | á®¢¥àè¥−−ë©/−¥á®¢¥àè¥−−ë© ¢¨¤;
è | á®¢¥àè¥−−ë© ¢¨¤;
− | −¥á®¢¥àè¥−−ë© ¢¨¤;
- | ®âà¨æ�â¥«ì−®¥ ¬¥áâ®¨¬¥−¨¥;
F | ®¯à¥¤¥«¨â¥«ì−®¥ ¬¥áâ®¨¬¥−¨¥;

† | ¯à¨âï¦�â¥«ì−®¥ ¬¥áâ®¨¬¥−¨¥;
q | ¯®àï¤ª®¢®¥ ç¨á«¨â¥«ì−®¥;

Q | ª®«¨ç¥áâ¢¥−−®¥ ç¨á«¨â¥«ì−®¥;
? | ®â−®á¨â¥«ì−®¥ (¢®¯à®á¨â¥«ì−®¥) ¬¥áâ®¨¬¥−¨¥;
s | á®¡¨à�â¥«ì−®¥ ¬¥áâ®¨¬¥−¨¥;
ç | −¥¯¥à¥å®¤−ë© £«�£®«;
∼ | ¯¥à¥å®¤−ë© £«�£®«;
@ | ¯¥à¥å®¤−ë©/−¥¯¥à¥å®¤−ë© £«�£®«;
w | á«®¢® ¢ §−�ç¥−¨¨ áª�§ã¥¬®£® (−�¯à¨¬¥à, úæ�¯û);
u | −¥®¯à¥¤¥«¥−−®¥ ¬¥áâ®¨¬¥−¨¥ (ú−¥ª®â®àë©û);
v | ¢®§¢à�â−ë© £«�£®« (á áï/áì);
d | ¤¥©áâ¢¨â¥«ì−ë© §�«®£;
b | áâà�¤�â¥«ì−ë© §�«®£;
î | à�§−®áª«®−ï¥¬®¥;
� | �àå�¨ç−®¥;
„ | ç¨á«¨â¥«ì−®¥, å�à�ªâ¥à¨§ã¥âáï ç¨á«®¬;
ˆ | ç�áâ¨æ� ¡¥§ ã¤�à¥−¨ï;
‰ | ã¤�à−ë© ¯à¥¤«®£;
� | 1-¥ áª«®−¥−¨¥;
” | 2-¥ áª«®−¥−¨¥;
– | 3-¥ áª«®−¥−¨¥;
3 | £àã¯¯� ¬¥áâ®¨¬¥−¨ï;
— | 1-¥ á¯àï¦¥−¨¥;

˜ | 2-¥ á¯àï¦¥−¨¥;
ë | ¨−¨æ¨�«ë (NAME!);
6 | ¢ á«®¢¥ ¡®«¥¥ ®¤−®© ¯à®¯¨á−®© (HEAD 1);
7 | á«®¢® −�ç¨−�¥âáï á ¯à®¯¨á−®© (NAME0);
0 | ¢ á«®¢¥ ¢á¥ ¯à®¯¨á−ë¥ (HEAD);
í | �−£«¨©áª®¥ á«®¢® (ENGL);
8 | æ¥«®¥ ç¨á«® (NUM);
9 | ç¨á«® á â®çª®© (NUM F);
é | á«®¦−ë© ¯à¥¤«®£;
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t | ä®à¬� �−£«¨©áª®£® £«�£®«� be;
R | �àâ¨ª«ì;
Ÿ | «¨ç−®¥ ¬¥áâ®¨¬¥−¨¥ (PRON 1);
# | ¬®àä®«®£¨ï ®¯à¥¤¥«¥−� ¯® �−�«®£¨¨;
� | �−£«. ing-ä®à¬� (WEB C);
¡ | �−£«. ed-ä®à¬� past-1 (MAIL E);
… | �−£«. ed-ä®à¬� past-2.

„«ï ®¤−®© «¥ªá¥¬ë ¡«®ª ¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¢ë¤�¥â ¬−®¦¥áâ¢® ¯à¨-
§−�ª®¢, −�¡®à ª®â®àëå ¨ å�à�ªâ¥à¨§ã¥â ¬®àä®«®£¨ç¥áª¨© â¨¯. Šà®¬¥ ¬®àä®-
«®£¨ç¥áª¨å ¡«®ª ¢ë¤�¥â ¥é¥ ¬−®¦¥áâ¢® «¥ªá¨ç¥áª¨å ¯à¨§−�ª®¢, ® ª®â®àëå à¥çì
è«� ¢ëè¥, � â�ª¦¥ àï¤ ä®−¥â¨ç¥áª¨å, ª®â®àë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï
á¨−â¥§� à¥ç¨.

�á®¡®¥ ¬¥áâ® §�−¨¬�¥â ¯à¨§−�ª ú#û. �− ®§−�ç�¥â, çâ® ¤�−−ë© −�¡®à
¯à¨§−�ª®¢ áä®à¬¨à®¢�− ú¯® �−�«®£¨¨û, â. ¥. ¡ë«� −�©¤¥−� á«®¢®ä®à¬� á ®ª®−-
ç�−¨¥¬ (â. ¥. −¥áª®«ìª¨¬¨ ª®−¥ç−ë¬¨ ¡ãª¢�¬¨), â�ª¨¬ ¦¥ ª�ª ã ¤�−−®© «¥ªá¥¬ë,
¨ ¬®àä®«®£¨ç¥áª¨¥ ¯à¨§−�ª¨ íâ®© á«®¢®ä®à¬ë ¡ë«¨ ¯à¨¯¨á�−ë ¤�−−®© «¥ªá¥-
¬¥. ‚�à¨�−âë à�§¡®à� ú¯® �−�«®£¨¨û ¯à¨¬¥−ïîâáï ¤«ï «¥ªá¥¬, ª®â®àëå −¥â
¢ ¬®àä®«®£¨ç¥áª®¬ á«®¢�à¥.

3 Борьба с морфологической омонимией

ˆá¯®«ì§®¢�−¨¥ ®¡®¡é¥−−®£® á«®¢�àï ®á−®¢ (�‘�) ¬®¦¥â ¯à¨¢®¤¨âì ª «¨è-
−¨¬ ¢�à¨�−â�¬ ¬®àä®«®£¨ç¥áª®£® �−�«¨§�. �ë«® ¯à¥¤«®¦¥−® ¤¢� íää¥ªâ¨¢−ëå
á¯®á®¡� ¡®àì¡ë á ¬®àä®«®£¨ç¥áª®© ®¬®−¨¬¨¥©.

�¥à¢ë© á¯®á®¡ | í¬¯¨à¨ç¥áª¨© �«£®à¨â¬, ®â¡à�áë¢�îé¨© −�¨¬¥−¥¥ ¢¥-
à®ïâ−ë¥ ¢�à¨�−âë ¬®àä®«®£¨ç¥áª®£® �−�«¨§�. ’�ª�ï ú§�ç¨áâª�û ¢�à¨�−â®¢
¢ë¯®«−ï¥âáï ¯® ¬−®£¨¬ ªà¨â¥à¨ï¬, ãç¨âë¢�îé¨¬ −�«¨ç¨¥ á«®¢� ¢ á«®¢�à¥ ®á−®¢
(‘�), ¤«¨−ã ®á−®¢ë á® á«®¢�à¥¬ å¢®áâ®¢ ®á−®¢ (‘•�), ç�áâì à¥ç¨. �¬¯¨à¨-
ç¥áª¨© �«£®à¨â¬ ä¨ªá¨àã¥â ¢á¥ ¢�à¨�−âë à�§¡®à� ¢ ¯®àï¤ª¥ ¨å ¢¥à®ïâ−®áâ¨,
çâ® −¥®¡å®¤¨¬® ¤«ï àï¤� ¯à¨«®¦¥−¨©, ª®£¤� ¨á¯®«ì§ã¥âáï â®«ìª® ®¤¨− ¢�à¨�−â
¬®àä®«®£¨ç¥áª®£® �−�«¨§�.

‚â®à®© á¯®á®¡ | ç�áâ¨ç−ë© á¨−â�ªá¨ç¥áª¨© �−�«¨§. ‚ ¯à¥¤«®¦¥−¨¨ á«®¢®
¢áâã¯�¥â ¢ á¨−â�ªá¨ç¥áª¨¥ á¢ï§¨ á ¤àã£¨¬¨ á«®¢�¬¨, ¨ ¢ëï¢«¥−¨¥ íâ¨å á¢ï§¥©
¯®§¢®«ï¥â ®â¡à®á¨âì ¢�à¨�−âë ¬®àä®«®£¨ç¥áª®£® �−�«¨§�, íâ¨¬ á¢ï§ï¬ −¥ ã¤®¢«¥-
â¢®àïîé¨¥. �à¥¦¤¥ ¢á¥£® ¡ë«® à¥�«¨§®¢�−® à�á¯®§−�¢�−¨¥ ¤¢ãå ª®−áâàãªæ¨©:
¯®«−®£® á®£«�á®¢�−¨ï ¨ £¥−¥â¨ç¥áª®© æ¥¯®çª¨.

�«£®à¨â¬ë ¡®àì¡ë á ¬®àä®«®£¨ç¥áª®© ®¬®−¨¬¨¥© ï¢«ïîâáï ®á−®¢−ë¬ á®¤¥à-
¦�−¨¥¬ â�ª −�§ë¢�¥¬®£® ¯à®æ¥áá� ú¯®áâ¬®àä®«®£¨¨û, â. ¥. ®¡à�¡®âª¨ à¥§ã«ìâ�-
â®¢ ¬®àä®«®£¨ç¥áª®£® �−�«¨§� −� §�¢¥àè�îé¥¬ íâ�¯¥. Š�ª ¯®ª�§�«� ¯à�ªâ¨ª�,
íâ¨ ¯à®æ¥ááë §�−¨¬�îâ ¢ ¬®àä®«®£¨ç¥áª®© á¨áâ¥¬¥ ¡®«ìè®¥ ¬¥áâ® | ª�ª ¯®
�«£®à¨â¬¨ç¥áª®© á«®¦−®áâ¨, â�ª ¨ ¯® ¢à¥¬¥−¨ ¨å ¢ë¯®«−¥−¨ï.
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ˆá¯®«ì§®¢�−¨¥ å¥è-äã−ªæ¨© ¤«ï ¯®¢ëè¥−¨ï áª®à®áâ¨ ¬®àä®«®£¨ç¥áª®£® �−�«¨§�

4 Особенности блока английской морфологии

�−£«¨©áª¨© ¬®àä®«®£¨ç¥áª¨© á«®¢�àì ¨á¯®«ì§ã¥â à�§à�¡®â�−−®¥ ¤«ï àãááª®©
¬®àä®«®£¨¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, ª®â®à®¥ ®ª�§�«®áì ¢®§¬®¦−ë¬ �¤�¯â¨à®-
¢�âì ª á¯¥æ¨ä¨ª¥ �−£«¨©áª®£® ï§ëª�. �«®ª¨ �−£«¨©áª®© ¨ àãááª®© ¬®àä®«®£¨¨
¢ë¤�îâ ¯à�ªâ¨ç¥áª¨ ®¤−¨ ¨ â¥ ¦¥ ¬®àä®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨, çâ® ¯®§¢®«ï-
¥â ¨á¯®«ì§®¢�âì ¤«ï á¨−â�ªá¨ª®-á¥¬�−â¨ç¥áª®£® �−�«¨§� �−£«®ï§ëç−ëå â¥ªáâ®¢
â¥ ¦¥ áà¥¤áâ¢�, çâ® ¨ ¤«ï àãááª®£® ï§ëª�. ‚ à¥§ã«ìâ�â¥ ¯®ï¢¨«�áì ¢®§¬®¦-
−®áâì §�¯¨áë¢�âì «¨−£¢¨áâ¨ç¥áª¨¥ §−�−¨ï ¤«ï íâ¨å ï§ëª®¢ ¢ ®¤−®¬ ¨ â®¬ ¦¥
ä®à¬�«¨§¬¥.

�¡é¨© ®¡ê¥¬ á«®¢�àï ®á−®¢ ¡«®ª� �−£«¨©áª®© ¬®àä®«®£¨¨ | ®ª®«® 85 âëá.
á«®¢. „«ï ¯®¢ëè¥−¨ï ª�ç¥áâ¢� à�¡®âë íâ®£® ¡«®ª� ¢ −¥£® ¡ë« ¢¢¥¤¥− àï¤ á¯¥æ¨-
ä¨ç¥áª¨å ¤«ï �−£«¨©áª®£® ï§ëª� �«£®à¨â¬®¢, ª®â®àë¥ ¢ ®á−®¢−®¬ ª�á�îâáï ®âá¥-
¢� «¨è−¨å ¢�à¨�−â®¢ ¬®àä®«®£¨ç¥áª®£® �−�«¨§�, ¯®áª®«ìªã á«®¢� �−£«¨©áª®£®
ï§ëª� çà¥§¢ëç�©−® ®¬®−¨¬¨ç−ë | ®ç¥−ì ç�áâ® ®¤−® ¨ â® ¦¥ á«®¢® ¬®¦¥â ¡ëâì
¨ áãé¥áâ¢¨â¥«ì−ë¬, ¨ £«�£®«®¬, ¨ ¯à¨«�£�â¥«ì−ë¬. ‚ ¡«®ª¥ �−£«¨©áª®© ¬®à-
ä®«®£¨¨ à¥�«¨§®¢�−ë �«£®à¨â¬ë, ¯®§¢®«ïîé¨¥ ª®àà¥ªâ−® ®â¡à�áë¢�âì «¨è−¨¥
¢�à¨�−âë (¤àã£¨¥ ¢�à¨�−âë ®âá¥¨¢�îâáï ¢ ¯à®æ¥áá¥ á¨−â�ªâ¨ª®-á¥¬�−â¨ç¥áª®£®
�−�«¨§�). �«®ª «¥ªá¨ª®-¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¡ë« ¬®¤¨ä¨æ¨à®¢�− ¤«ï à�-
¡®âë á ¯à¥¤¬¥â−ë¬¨ á«®¢�àï¬¨ �−£«¨©áª®£® ï§ëª�, ª®â®àë¥ ã¤�«®áì á®¢¬¥áâ¨âì
á® á«®¢�àï¬¨ àãááª®£® ï§ëª�.

5 Анализ существующей схемы разбора

÷¥�«¨§®¢�−−�ï à�−¥¥ áå¥¬� ¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¢ë£«ï¤¥«� á«¥¤ãîé¨¬
®¡à�§®¬.

‘ä®à¬¨à®¢�−ë á«®¢�àì ª«�áá®¢ ®ª®−ç�−¨© (‘Š�) | ¢á¥ ¢®§¬®¦−ë¥ ¯�à�-
¤¨£¬ë àãááª®£® ï§ëª� ¨ ‘� | ®á−®¢ë á«®¢ á® ááë«ª�¬¨ −� á®®â¢¥âáâ¢ãîé¨©
ª«�áá ®ª®−ç�−¨©. ‚ ®á−®¢¥ åà�−¨âáï −¥¨§¬¥−ï¥¬�ï ç�áâì á«®¢� á ¯®áâ®ï−−ë¬¨
¤«ï ¤�−−®£® á«®¢� ¬®àä®«®£¨ç¥áª¨¬¨ ¯à¨§−�ª�¬¨. Š«�áá ®ª®−ç�−¨© á®¤¥à¦¨â
¢á¥ ®ª®−ç�−¨ï ¤�−−®© ¯�à�¤¨£¬ë ¯«îá ¨§¬¥−ï¥¬ë¥ (â. ¥. ¯à¨áãé¨¥ ª�¦¤®¬ã
®ª®−ç�−¨î) ¬®àä®«®£¨ç¥áª¨¥ ¯�à�¬¥âàë.

��¯à¨¬¥à, á«®¢® ú¡ëâ¨¥û ¨¬¥¥â ®á−®¢ã ú¡ëâ¨û ¨ ª«�áá ®ª®−ç�−¨© §�
−®¬¥à®¬ 1759, á®¤¥à¦�é¨© ®ª®−ç�−¨ï ¢ ¨¬¥−¨â¥«ì−®¬, à®¤¨â¥«ì−®¬, ¤�â¥«ì−®¬,
¢¨−¨â¥«ì−®¬, â¢®à¨â¥«ì−®¬ ¨ ¯à¥¤«®¦−®¬ ¯�¤¥¦�å, � ¨¬¥−−®: ú¥û, úïû, úîû,
ú¥û, ú¥¬û, ú¨û (¬−®¦¥áâ¢¥−−®£® ç¨á«� íâ® á«®¢® −¥ ¨¬¥¥â). ‘®®â¢¥âáâ¢¥−−®
¢ ‘� ¨¬¥¥âáï §�¯¨áì ú¡ëâ¨ 1759û, � ¢ ‘Š� ¯®¤ −®¬¥à®¬ 1759 §�ª®¤¨à®¢�−�
¯�à�¤¨£¬� á ãª�§�−−ë¬¨ ®ª®−ç�−¨ï¬¨.

‹¥£ª® ¢¨¤¥âì, çâ® ¢ ®¡é¥¬ á«ãç�¥ ¬®¦¥â ¨¬¥âì ¬¥áâ® ®¬®−¨¬¨ï ®á−®¢, â. ¥.
−¥áª®«ìª® ®¤¨−�ª®¢ëå ®á−®¢, −® á à�§−ë¬¨ ¯�à�¤¨£¬�¬¨ ®ª®−ç�−¨©. ‘ ¤àã£®©
áâ®à®−ë, ®¤−� ¨ â� ¦¥ ¯�à�¤¨£¬� ¬®¦¥â ú®¡á«ã¦¨¢�âìû ¬−®£® à�§−ëå ®á−®¢.
ˆ¬¥−−® ¯®íâ®¬ã à�§¤¥«¥−¨¥ −� ‘� ¨ ‘Š� ®ª�§ë¢�¥âáï á â®çª¨ §à¥−¨ï íª®−®¬¨¨
¯à®áâà�−áâ¢� áâ®«ì íää¥ªâ¨¢−ë¬ ¯à¨¥¬®¬. �¤−�ª® ¯®¨áª ¢á¥å ª®àà¥ªâ−ëå
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¢�à¨�−â®¢ à�§¡®à� âà¥¡ã¥â §−�ç¨â¥«ì−®£® ¢à¥¬¥−¨. „¥©áâ¢¨â¥«ì−®, −¥®¡å®¤¨¬®
¯à®¢¥à¨âì ¢á¥ ¢�à¨�−âë à�§¡¨¥−¨ï ¢å®¤−®© «¥ªá¥¬ë −� ®á−®¢ã ¨ ®ª®−ç�−¨¥ ¨ ¤«ï
ª�¦¤®£® ¢�à¨�−â� −�©â¨ ¢ á«®¢�à¥ ®á−®¢ã ¨ ¯à®¢¥à¨âì, ¨¬¥¥âáï «¨ ¢® ¢á¥å ª«�áá�å
®ª®−ç�−¨©, á¢ï§�−−ëå á íâ®© ®á−®¢®©, ¯à¥¤¯®«�£�¥¬®¥ ®ª®−ç�−¨¥.

‚ ¯à¥¤ë¤ãé¥© ¢¥àá¨¨ ¡ë« â�ª¦¥ à¥�«¨§®¢�− �«£®à¨â¬ ®¡à�¡®âª¨ −¥§−�ª®¬ëå
á¨áâ¥¬¥ á«®¢ ú¯® �−�«®£¨¨û [4]. ‚ à¥�«¨§�æ¨¨ íâ®£® ¬¥â®¤� ¨á¯®«ì§®¢�«áï âà¥â¨©
á«®¢�àì | ‘•�, ¢ ª®â®àë© §�¯¨áë¢�îâáï ¢á¥ 1-, 2-, 3-¡ãª¢¥−−ë¥ ¨ â. ¤. úå¢®á-
âëû ®á−®¢ (¯¥à¢ë¥ ¡ãª¢ë ®á−®¢ ®â¡à�áë¢�îâáï) á ãª�§�−¨¥¬ á®®â¢¥âáâ¢ãîé¥£®
ª«�áá� ®ª®−ç�−¨©. �ë«® à¥è¥−®, çâ® ¢ ‘•� −¥ ¡ã¤¥â ®¤¨−�ª®¢ëå úå¢®á-
â®¢û, � ¥£® ª«�áá ®ª®−ç�−¨© ¢ëç¨á«ï¥âáï ¨§ áâ�â¨áâ¨ç¥áª¨å á®®¡à�¦¥−¨© | ¯®
¬�ªá¨¬ã¬ã ®á−®¢ ¢ ‘�, ¨¬¥îé¨å ¤�−−ë© úå¢®áâû ¨ ¤�−−ë© ª«�áá ®ª®−ç�−¨©.
…á«¨ á«®¢® −¥ −�å®¤¨âáï ¢ ‘�, â® â� ¦¥ áå¥¬� �−�«¨§� ¯®¢â®àï¥âáï, −® ã¦¥
á ¯®¬®éìî ¯�àë á«®¢�à¥© ‘•�{‘Š�.

�â¬¥â¨¬, çâ® ¢ ¯à¥¤ë¤ãé¥© ¢¥àá¨¨ ¢á¥ á«®¢�à¨ ¡ë«¨ à¥�«¨§®¢�−ë ¢ ¢¨¤¥
¤¥à¥¢ì¥¢, ª�¦¤ë© ãà®¢¥−ì ª®â®àëå á®®â¢¥âáâ¢®¢�« ®¤−®© ¡ãª¢¥ (¯à¨ç¥¬ ¯®àï¤®ª
¢ ®á−®¢�å ¨ ®ª®−ç�−¨ïå ¡ë« ¨−¢¥àâ¨à®¢�−−ë¬). �â® ¤�¢�«® ¢®§¬®¦−®áâì à¥§ª®
ã¬¥−ìè¨âì à�¡®ç¨© ®¡ê¥¬ á«®¢�à¥©. �¤−�ª® ¯®¨áª ®áãé¥áâ¢«ï«áï ¤�«¥ª® −¥
«ãçè¨¬ ¢ á¬ëá«¥ ¢à¥¬¥−¨ à�¡®âë ®¡à�§®¬: ¯ãâ¥¬ ¯®¨áª� −ã¦−®© ¢¥âª¨ ¨ á¯ãáª�
−� á«¥¤ãîé¨© ãà®¢¥−ì ¯® ¢¥âª�¬ ¤¥à¥¢�.

�¯¨á�−−ãî à¥�«¨§�æ¨î ¬®¦−® ¡ë«® ã«ãçè�âì, ¤®¡¨¢�ïáì ®¯à¥¤¥«¥−−®£®
¯à¨à®áâ� ¡ëáâà®¤¥©áâ¢¨ï. �® ¤®áâ¨çì ª�ç¥áâ¢¥−−®£® ã«ãçè¥−¨ï ¯à¥¤áâ�¢«ï«®áì
¯à®¡«¥¬�â¨ç−ë¬.

6 Принципы реализации в новой версии

�à¥¦¤¥ ¢á¥£® áâ�¢¨«�áì §�¤�ç� ª�à¤¨−�«ì−® ¯®¢ëá¨âì áª®à®áâì �−�«¨§�
àãááª¨å â¥ªáâ®¢. �ª�§�«®áì, çâ® íâ® ¬®¦−® ®áãé¥áâ¢¨âì â®«ìª® ¯ãâ¥¬ ®âª�§�
®â ¯à¨−æ¨¯� à�§¤¥«¥−¨ï −� ‘� ¨ ‘Š� ¨ ®¡ê¥¤¨−¥−¨ï ¢á¥© ¬®àä®«®£¨ç¥áª®©
¨−ä®à¬�æ¨¨ ¢ ¥¤¨−ë© á«®¢�àì. ÷�§ã¬¥¥âáï, íâ® à¥§ª® ¯®¢ëè�¥â âà¥¡®¢�−¨ï
ª ®¯¥à�â¨¢−®© ¯�¬ïâ¨. �® ¢ á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à�å ®−� ã¦¥ ¤®áâ¨£�¥â
−¥áª®«ìª¨å £¨£�¡�©â, çâ® ¯®§¢®«ï¥â à¥�«¨§®¢�âì íâ®â ¯à¨−æ¨¯ ¤�¦¥ ¤«ï á«®¢�àï
¯®àï¤ª� 100 âëá. á«®¢.

’�ª¨¬ ®¡à�§®¬, áå¥¬� ¨−ä®à¬�æ¨¨ ¯à¥¤áâ�¢«ï¥âáï −�à®ç¨â® ã¯à®é¥−−®©:
¥¤¨−ë© á«®¢�àì ¢á¥å á«®¢®ä®à¬ á ¯®«−ë¬ ¬®àä®«®£¨ç¥áª¨¬ ®¯¨á�−¨¥¬ ª�¦¤®©
á«®¢®ä®à¬ë. Š�¦¤�ï á«®¢®ä®à¬� à�áá¬�âà¨¢�¥âáï ª�ª ª«îç ¤®áâã¯�, ¯® ª®â®-
à®¬ã ¯à®¨§¢®¤¨âáï ¯àï¬®¥ çâ¥−¨¥ ¨−ä®à¬�æ¨¨ ¨ ¨§¢«¥ç¥−¨¥ ¬®àä®«®£¨ç¥áª¨å
§−�−¨©.

�¤−�ª®, çâ®¡ë â�ª�ï ú¯à¨¬¨â¨¢−�ïû áå¥¬� à¥�«¨§�æ¨¨ ¡ë«� ãá¯¥è−®©, âà¥-
¡ã¥âáï à¥è¨âì −¥áª®«ìª® ¯à¨−æ¨¯¨�«ì−ëå §�¤�ç. �à¥¦¤¥ ¢á¥£®, íâ® §�¤�ç�
¯àï¬®£® ¤®áâã¯� ¯® ª«îçã ¤«ï ¡®«ìè¨å ¬�áá¨¢®¢. ‚ ¤�−−®© à¥�«¨§�æ¨¨ ¯à¥¤«�-
£�¥âáï ¨á¯®«ì§®¢�−¨¥ ¯à¨−æ¨¯� å¥è-äã−ªæ¨©, ¯®§¢®«ïîé¥£® à¥�«¨§®¢�âì ®ç¥−ì
¡ëáâàë© ¤®áâã¯. �à¨−æ¨¯ à�¡®âë å¥è-äã−ªæ¨© å®à®è® ¨§¢¥áâ¥−. ‚ªà�âæ¥ ®−
á¢®¤¨âáï ª ¯à¥®¡à�§®¢�−¨î ª«îç� ¢ ã−¨ª�«ì−ë© �¤à¥á ¤®áâã¯� á ¯®¬®éìî àï¤�
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ˆá¯®«ì§®¢�−¨¥ å¥è-äã−ªæ¨© ¤«ï ¯®¢ëè¥−¨ï áª®à®áâ¨ ¬®àä®«®£¨ç¥áª®£® �−�«¨§�

¬�â¥¬�â¨ç¥áª¨å ¨ «®£¨ç¥áª¨å ®¯¥à�æ¨©. •®âï â�ª¨¥ ¢ëç¨á«¥−¨ï §�−¨¬�îâ ¬�«®
¢à¥¬¥−¨, ®¤−�ª® ¯à¨ à¥�«¨§�æ¨¨ íâ®£® ¯®¤å®¤� ¢®§−¨ª�¥â àï¤ −¥âà¨¢¨�«ì−ëå
¯à®¡«¥¬. ‚®-¯¥à¢ëå, íâ® ¤®áâ¨¦¥−¨¥ à�¢−®¬¥à−®áâ¨ â�ª®£® ¯à¥®¡à�§®¢�−¨ï
(¢ á¬ëá«¥ à�¢−®¢¥à®ïâ−®£® ¯®ªàëâ¨ï ¢á¥£® �¤à¥áã¥¬®£® ¯à®áâà�−áâ¢�). “ª�§�−-
−�ï à�¢−®¬¥à−®áâì â�ª ¨«¨ ¨−�ç¥ à¥è�¥âáï à�§à�¡®âç¨ª�¬¨ �«£®à¨â¬� å¥è¨à®-
¢�−¨ï. ‚®-¢â®àëå, íâ® ¯à®¡«¥¬� úª®««¨§¨©û, â. ¥. à�§à¥è¥−¨ï ª®−ä«¨ªâ−ëå
á¨âã�æ¨©, ª®£¤� −¥áª®«ìª® à�§−ëå ª«îç¥© ¯à¥®¡à�§ãîâáï ¢ ®¤¨− ¨ â®â ¦¥ �¤à¥á.
ˆ, −�ª®−¥æ, ¢-âà¥âì¨å, íâ® ¯à®¡«¥¬� à�æ¨®−�«ì−®£® §�¯®«−¥−¨ï ú¯ãáâ®âû, â. ¥.
í«¥¬¥−â®¢ ¬�áá¨¢�, ®áâ�îé¨åáï ¯ãáâë¬¨ ¢ á¨«ã â®£®, çâ® ¢ −¨å −¥ ®â®¡à�¦�¥âáï
−¨ ®¤¨− ª«îç. ‚â®àë¥ ¤¢¥ ¯à®¡«¥¬ë −¥®¡å®¤¨¬® ã¦¥ à¥è�âì à�§à�¡®âç¨ªã
á¨áâ¥¬ë, ¨á¯®«ì§ãîé¥© å¥è-äã−ªæ¨¨.

�®¬¨¬® ª®àà¥ªâ−®£® ¨á¯®«ì§®¢�−¨ï å¥è-äã−ªæ¨© ¨¬¥îâáï ¥é¥ ®¡ëç−ë¥ ¤«ï
â�ª®£® à®¤� á¨áâ¥¬ ¯à®¡«¥¬ë ¢¢®¤� ¨ ª®àà¥ªâ¨à®¢ª¨ ¬®àä®«®£¨ç¥áª®© ¨−ä®à-
¬�æ¨¨. �¨¦¥ ¡ã¤ãâ ®¯¨á�−ë ¬¥â®¤ë, ¯®§¢®«ïîé¨¥ íâ® ¯à®¡«¥¬ë ã¤®¢«¥â¢®à¨-
â¥«ì−® à¥è¨âì.

7 Структура информационных массивов.

÷�¤¨ à�æ¨®−�«ì−®£® ¨á¯®«ì§®¢�−¨ï ¯�¬ïâ¨ ¢¢®¤ïâáï ¤¢� ¬�áá¨¢� ¨−ä®à¬�-
æ¨¨: ¬�áá¨¢ �¤à¥á�æ¨¨ (Œ�) ¨ ¬�áá¨¢ ¨−ä®à¬�æ¨¨ (Œˆ).

Œ�áá¨¢ �¤à¥á�æ¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© å¥è-¬�áá¨¢, ¢ ª®â®à®¬ à�á¯®«�£�îâáï
ááë«ª¨ (á¬¥é¥−¨ï) −� Œ�. �â®â ¬�áá¨¢ ®à£�−¨§®¢�− ¢ §®−ë ¯® −¥áª®«ìª® §�-
¯¨á¥© ¢ §®−¥, ¯à¨ç¥¬ ¢ 1-¬ ¡�©â¥ §®−ë åà�−¨âáï ç¨á«® §�¯¨á¥©. •¥è-äã−ªæ¨ï
¯à¥®¡à�§ã¥â ª«îç (á«®¢®ä®à¬ã) ¢ ¤¢� å¥è-ª®¤�: Hash1, ª®â®àë© ãª�§ë¢�¥â
−� −®¬¥à §®−ë, ¨ Hash2 | 3-¡�©â−ë© ª®¤, ª®â®àë¬ ¨¤¥−â¨ä¨æ¨àã¥âáï §�¯¨áì
¢−ãâà¨ §®−ë. Š�¦¤�ï §�¯¨áì ¢ª«îç�¥â ¢ á¥¡ï ¯®«¥ Hash2 ¨ �¤à¥á ¢ Œˆ. ‚á¥
§�¯¨á¨, ¯®¯�¤�îé¨¥ ¢ ®¤−ã ¨ âã ¦¥ §®−ã (â. ¥. ¨¬¥îé¨¥ ®¤¨− ¨ â®â ¦¥ Hash1),
¯®á«¥¤®¢�â¥«ì−® §�¯®«−ïîâ íâã §®−ã ¨ ¨éãâáï ¢ −¥© ¯® Hash2. �à¨ ¯¥à¥¯®«−¥−¨¨
§®−ë ®−¨ ¯¨èãâáï ¢ á«¥¤ãîéãî §®−ã −� á¢®¡®¤−®¥ ¬¥áâ®.

„¢ãªà�â−®¥ å¥è¨à®¢�−¨¥ ¯®§¢®«ï¥â ¤®áâ�â®ç−® íª®−®¬−® ¨á¯®«ì§®¢�âì �¤à¥-
áã¥¬®¥ ¯à®áâà�−áâ¢®, ¯à�ªâ¨ç¥áª¨ −¥ â¥àïï ¢ áª®à®áâ¨ ¤®áâã¯�. Œ�áá¨¢ �¤à¥á�æ¨¨
ã¯à�¢«ï¥âáï −¥áª®«ìª¨¬¨ ¯�à�¬¥âà�¬¨: ¢¥«¨ç¨−®© ¬�áá¨¢� (¢ ¡�©â�å), ¤«¨−®© §�-
¯¨á¨ ¨ ¤«¨−®© §®−ë. �â® ¤�¥â ¢®§¬®¦−®áâì ¯®á«¥ −¥áª®«ìª¨å ¯®¯ëâ®ª ¯®¤®¡à�âì
¯�à�¬¥âàë, ®¯â¨¬�«ì−® ¯®¤å®¤ïé¨¥ ¯®¤ ¢¥«¨ç¨−ã ¬�áá¨¢� ¬®àä®«®£¨ç¥áª®©
¨−ä®à¬�æ¨¨.

Œ�áá¨¢ ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï â¥ªáâ®¢ë¬ ¬�áá¨¢®¬, ¢ ª®â®à®¬ ç¥à¥§ ¢ëç¨á-
«¨â¥«ì−ë© ª®¬¯«¥ªá åà�−ïâáï (¢ ®¯à¥¤¥«¥−−®¬ ä®à¬�â¥) á«®¢®ä®à¬ë ¨ ¬®à-
ä®«®£¨ç¥áª¨¥ ¯à¨§−�ª¨. ˆ−ä®à¬�æ¨ï ¢ −¥¬ áâàãªâãà¨àã¥âáï ¯® ¬¥â®ç−®¬ã
¯à¨−æ¨¯ã: ¨−ä®à¬�æ¨ï ¤¥«¨âáï −� ç�áâ¨, ª�¦¤�ï ¨§ ª®â®àëå ¯à¥¤¢�àï¥âáï ¬¥â-
ª�¬¨, â�ª¨¬¨ ª�ª úm=û | ¬¥âª®© ¬®àä®«®£¨ç¥áª¨å ¯�à�¬¥âà®¢, úk=û | ¬¥âª®©
á¥¬�−â¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ â. ¤. ��¯à¨¬¥à:

¢ëá�¤ª¨ => | ª� m=52N¦X�à |ª� m=52N¦X�¢¨: |®ª m=52N¬X”¢¨:

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014 211



�. ‚. ‘®¬¨−, Œ. Œ. ˜�à−¨−

‡¤¥áì ®¯¨á�− ¬®àä®«®£¨ç¥áª¨© à�§¡®à á«®¢®ä®à¬ë ú¢ëá�¤ª¨û, ¯à¨ç¥¬ ¤�-
¥âáï âà¨ ¢�à¨�−â� à�§¡®à�: à®¤¨â¥«ì−ë© ¯�¤¥¦ ¥¤¨−áâ¢¥−−®£® ç¨á«� á«®¢�
ú¢ëá�¤ª�û; ¬−®¦¥áâ¢¥−−®¥ ç¨á«® â®£® ¦¥ á«®¢� ¨ ¬−®¦¥áâ¢¥−−®¥ ç¨á«® áãé¥-
áâ¢¨â¥«ì−®£® ú¢ëá�¤®ªû. �®á«¥ á¨¬¢®«� ú|û ¤�¥âáï ®ª®−ç�−¨¥ ª�−®−¨ç¥áª®©
ä®à¬ë, � ¤¢¥ æ¨äàë ¯®á«¥ úm=û ®§−�ç�îâ ¤«¨−ã ®á−®¢ë ¨ ¤«¨−ã ®ª®−ç�−¨ï ¤«ï
à�§−ëå ¢�à¨�−â®¢ à�§¡®à� á«®¢� ú¢ëá�¤ª¨û.

8 Анализ «по аналогии» в новой версии

‚ ¯à¨−æ¨¯¥, ú¯àï¬®©û ¯®¤å®¤ ª ¯®áâà®¥−¨î ¬®àä®«®£¨ç¥áª®£® á«®¢�àï
¬®¦¥â ¡ëâì ¯à¨¬¥−¥− ¨ ¤«ï �−�«¨§� ú¯® �−�«®£¨¨û. „«ï íâ®£® −¥®¡å®¤¨¬®
á£¥−¥à¨à®¢�âì ¢á¥ ãá¥ç¥−−ë¥ ¢�à¨�−âë ª�¦¤®© á«®¢®ä®à¬ë (á ãª�§�−¨¥¬ ¯à¥¤-
¯®«®¦¨â¥«ì−ëå ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢), � ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ ¢å®¤−®©
á«®¢®ä®à¬ë, ¯à¨ ®âáãâáâ¢¨¨ ¥¥ ¢ á«®¢�à¥, −�ç�âì ¯à®æ¥áá ãá¥ç¥−¨ï á −�ç�«�
á«®¢� á ¯®¨áª®¬ ª�¦¤®£® ãá¥ç¥−−®£® ¢�à¨�−â�.

�¤−�ª® íªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® ¯à¨ íâ®¬ á«®¢�àì (â®ç−¥¥ ®¡� ¬�áá¨¢�:
Œ� ¨ Œˆ) ã¢¥«¨ç¨¢�îâáï ¡®«¥¥ ç¥¬ −� ¯®àï¤®ª, çâ® ã¦¥ ¢ë§ë¢�¥â §�âàã¤−¥−¨¥
¯à¨ à¥�«¨§�æ¨¨ ¤�¦¥ −� á®¢à¥¬¥−−ëå ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à�å (â¥¬ ¡®«¥¥,
çâ® ¬®àä®«®£¨ç¥áª¨© �−�«¨§ | «¨èì ®¤−� ¨§ ¬−®£®ç¨á«¥−−ëå §�¤�ç, à¥è�¥¬ëå
¢ à�¬ª�å «¨−£¢¨áâ¨ç¥áª®£® ¯à®æ¥áá®à�). �®íâ®¬ã ¡ë«® à¥è¥−® à¥�«¨§®¢�âì
£¨¡à¨¤−ë© ¯®¤å®¤: á«®¢� ¨§ á«®¢�àï à�á¯®§−�¢�âì á ¯®¬®éìî −®¢®© ¢¥àá¨¨,
� ¤«ï �−�«¨§� ú¯® �−�«®£¨¨û ®áâ�¢¨âì �«£®à¨â¬ë ¯à¥¤ë¤ãé¥© ¢¥àá¨¨.

9 Корректировка и ввод информации

‚¢®¤ ¢ Œ� ¨ Œˆ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî á¯¥æ¨�«ì−®£® ¡«®ª� §�£àã§ª¨
á ¬®àä®«®£¨ç¥áª®£® ¬�áá¨¢� (ŒŒ). �â®â ¬�áá¨¢ ¨¬¥¥â ¢¨¤ â¥ªáâ®¢®£® ä�©«�
¨ ¬®¦¥â ª®àà¥ªâ¨à®¢�âìáï á ¯®¬®éìî «î¡®£® â¥ªáâ®¢®£® à¥¤�ªâ®à�. �®àï¤®ª
§�¯¨á¥© ¢ íâ®¬ ä�©«¥ −¥ ¨¬¥¥â §−�ç¥−¨ï. �¤−�ª® âà¥¡ã¥âáï, çâ®¡ë ¢á¥ ¢�à¨�−âë
¬®àä®«®£¨ç¥áª®£® à�§¡®à� ®¤−®© á«®¢®ä®à¬ë (¨§-§� ¬®àä®«®£¨ç¥áª®© ®¬®−¨¬¨¨
¨å ¬®¦¥â ¡ëâì −¥áª®«ìª®) ¡ë«¨ á®¡à�−ë ¢ ®¤−ã §�¯¨áì. Šà®¬¥ â®£®, ¨¬¥¥âáï
¢®§¬®¦−®áâì ¯®¬¨¬® ¬®àä®«®£¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¯®¬¥é�âì «î¡ãî ¤àã£ãî, ®â-
−®áïéãîáï ª ¤�−−®© á«®¢®ä®à¬¥ «¥ªá¨ç¥áªãî ¨«¨ á¥¬�−â¨ç¥áªãî ¨−ä®à¬�æ¨î.
�â® ¤�¥â ¢®§¬®¦−®áâì ¢ ¯¥àá¯¥ªâ¨¢¥ á¤¥«�âì ã−¨¢¥àá�«ì−ë© ¬®àä®-á¥¬�−â¨-
ç¥áª¨© á«®¢�àì. „«ï ®¡ê¥¤¨−¥−¨ï à�§−®à®¤−®© ¨−ä®à¬�æ¨¨ ¢ ®¤−®© §�¯¨á¨
¯à¨ ä®à¬¨à®¢�−¨¨ ä�©«� ŒŒ ®áãé¥áâ¢«ï¥âáï á¯¥æ¨�«ì−ë© ¯à®æ¥áá á¡®àª¨,
ª®£¤� ¨§ à�§−ëå ¨áâ®ç−¨ª®¢ ¢ ®¤−ã §�¯¨áì á®¡¨à�¥âáï ¨−ä®à¬�æ¨ï ® ¤�−−®©
á«®¢®ä®à¬¥.

�à®æ¥áá á¡®àª¨ ¯à®¨áå®¤¨â ¢ −¥áª®«ìª® áâ�¤¨© á ¯®¬®éìî â®£® ¦¥ ¡«®ª�
§�£àã§ª¨, −® à�¡®â�îé¥£® ¢ à¥¦¨¬¥ úáª«¥¨¢�−¨ïû á ¯®á«¥¤ãîé¥© ¢ë£àã§ª®©
¯à®¬¥¦ãâ®ç−®£® ¢�à¨�−â� Œˆ ¢ â¥ªáâ®¢ë© ¢¨¤.
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ˆá¯®«ì§®¢�−¨¥ å¥è-äã−ªæ¨© ¤«ï ¯®¢ëè¥−¨ï áª®à®áâ¨ ¬®àä®«®£¨ç¥áª®£® �−�«¨§�

10 Некоторые параметры новой версии

�¡é¨© ®¡ê¥¬ ¤¢ãå ¬�áá¨¢®¢ (Œ� ¨ Œˆ) ¤«ï á«®¢�àï ¢ 90 âëá. ®á−®¢
á®áâ�¢«ï¥â 120 Œ� (¢ áâ�à®© ¢¥àá¨¨ | ¬¥−¥¥ 1 Œ�).

‚à¥¬ï §�£àã§ª¨ á«®¢�àï | ¯®àï¤ª� 10 á.
‘ª®à®áâì ®¡à�¡®âª¨ â¥ªáâ� àãááª®© ¤¥«®¢®© ¯à®§ë ã¢¥«¨ç¨«�áì ¯à¨¡«¨§¨-

â¥«ì−® ¢ 4 à�§�. �à¨ íâ®¬ ¥á«¨ ãç¥áâì, çâ® ®ª®«® 10% á«®¢ à�á¯®§−�îâáï ú¯®
�−�«®£¨¨û, â. ¥. á® áâ�à®© áª®à®áâìî, â® áª®à®áâì ®¡à�¡®âª¨ á«®¢, ¨¬¥îé¨åáï
¢ á«®¢�à¥, ã¢¥«¨ç¨«�áì ¢ 6 à�§. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® á�¬ ¬¥å�−¨§¬ ¤®áâã-
¯� ª ¬®àä®«®£¨ç¥áª®© ¨−ä®à¬�æ¨¨ £®à�§¤® ¡®«¥¥ íää¥ªâ¨¢¥− (¯® ªà�©−¥© ¬¥à¥
¢ ¤¥áïâª¨ à�§). �¤−�ª® �−�«¨§ ¯®ª�§�«, çâ® á−¨¦¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¯à®¨áå®¤¨â
¨§-§� â®£®, çâ® ¢á¥ ¯à®æ¥ááë ú¯®áâ¬®àä®«®£¨¨û, §�−¨¬�îé¨¥ ¤®áâ�â®ç−® ¬−®£®
¢à¥¬¥−¨, ®áâ�«¨áì ®â áâ�à®© ¢¥àá¨¨.

11 Возможности дальнейшего развития

‚ ¯®àï¤ª¥ à�§¢¨â¨ï ¤�−−®£® ¯à®¥ªâ� −�¬¥ç�îâáï á«¥¤ãîé¨¥ à�¡®âë:

{ ¯¥à¥¢®¤ ¢á¥© ¬®àä®«®£¨ç¥áª®© á¨áâ¥¬ë ¯®¤ �‘ UNIX;
{ á®§¤�−¨¥ −®¢®© ¢¥àá¨¨ ¤«ï �−£«¨©áª®© ¬®àä®«®£¨¨;
{ ¯¥à¥−¥á¥−¨¥ −¥ª®â®àëå ¢ëç¨á«¥−¨© ¨§ ä�§ë ú¯®áâ¬®àä®«®£¨¨û −� íâ�¯ á¡®à-

ª¨ ¨−ä®à¬�æ¨¨ ¯à¨ ¢¢®¤¥ | íâ® ¯®§¢®«¨â ¥é¥ ¡®«¥¥ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì
�−�«¨§�;

{ ¯®áª®«ìªã ¨−ä®à¬�æ¨ï ¢ á«®¢�à¥ ¨¬¥¥â áâà®£® â¥ªáâ®¢ë© ¢¨¤, â® ¯®ï¢«ï¥âáï
¢®§¬®¦−®áâì à¥�«¨§�æ¨¨ −� íâ®© ®á−®¢¥ ¤àã£¨å ª®¬¯®−¥−â «¨−£¢¨áâ¨ç¥áª®£®
¯à®æ¥áá®à�, −�¯à¨¬¥à ¯à¥¤¬¥â−ëå â¥à¬¨−®«®£¨ç¥áª¨å á«®¢�à¥©.
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USING HASH FUNCTION FOR INCREASING SPEED OF WORK
OF THE SOFTWARE FOR MORPHOLOGICAL ANALYSIS

OF RUSSIAN TEXTS

N. V. Somin and M. M. Sharnin

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: The paper considers the problem of increasing efficiency of mor-
phological analysis of Russian texts. The software system for morphological
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analysis is described, including the set of morphological characteristics and
the algorithms of work. The paper mentions the software systems solving the
problem of logiá-semantic analysis of natural language texts in which the software
system for morphological analysis found application. Features of the system are
discussed from the point of view of occupied memory and work speed. The
way of storage of morpholexical information using hash functions is suggested
which provides high speed of access. The difficulties arising during realization
of such approach are discussed and possible solutions are considered. The paper
describes the structure of information arrays of the new version and the search
algorithms realized in it. The paper also describes a subsystem for putting in and
updating morphological information. Specific parameters of the new realization
of the software system for morphological analysis and information on speed of
work acceleration in comparison with the previous version are given. The paper
discusses opportunities of development of the new version of the software system
for morphological analysis and of transferring the suggested approach to other
components of the linguistic processor.

Keywords: morphological analysis; hash function; linguistic processor; logiá-
semantic analysis of natural language texts
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К ВОПРОСУ О ЛОГИСТИКЕ ВНЕДРЕНИЯ
И ИСПОЛЬЗОВАНИЯ МОБИЛЬНЫХ ЭЛЕКТРОННЫХ

УЧЕБНИКОВ

Д. А. Богданова1, А. А. Федосеев2

�−−®â�æ¨ï: �� ®á−®¢¥ ®¡§®à� ¬¥¦¤ã−�à®¤−ëå ¨ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨©
¯® ¢®¯à®áã ¢−¥¤à¥−¨ï í«¥ªâà®−−ëå ãç¥¡−¨ª®¢ (�“) ¢ èª®«ì−®¥ ®¡à�§®¢�−¨¥
á ãç¥â®¬ áãé¥áâ¢ãîé¥© á¨âã�æ¨¨ ¯® ®¡¥á¯¥ç¥−¨î à®áá¨©áª¨å èª®« ¢®§¬®¦-
−®áâï¬¨ è¨à®ª®¯®«®á−®© á¢ï§¨ ¢ëï¢«¥− àï¤ ¯à®¡«¥¬, á®¯à®¢®¦¤�îé¨å íâ®â
¯à®æ¥áá ¨ ¢ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥ ¯à¥¯ïâáâ¢ãîé¨å ¥£® ãá¯¥è−®¬ã ®áãé¥áâ¢«¥-
−¨î ¨ âà¥¡ãîé¨å á®®â¢¥âáâ¢ãîé¥£® à¥è¥−¨ï. ‚¢¥¤¥−® ¯®−ïâ¨¥ ¨¤¥�«ì−®©
¤®áâã¯−®áâ¨ �“, −� ®á−®¢¥ ª®â®à®£® ¯à¥¤«®¦¥−ë á¯®á®¡ë à�á¯à®áâà�−¥−¨ï
�“. ÷�áá¬®âà¥−® ¯®−ïâ¨¥ ¦¨§−¥−−®£® æ¨ª«� �“, çâ® ¯®§¢®«¨«® à�§£à�−¨ç¨âì
¯à®æ¥ááë ¬®¤¥à−¨§�æ¨¨ ¨ á®§¤�−¨ï −®¢®£® �“. “â®ç−¥− á¬ëá« ¯®−ïâ¨ï ¬®-
¡¨«ì−®áâ¨ �“. ‚ à¥§ã«ìâ�â¥ ã¤�«®áì áä®à¬ã«¨à®¢�âì ®¡à�§ �“, à¥�«¨§�æ¨ï
ª®â®à®£® ¯®§¢®«ï¥â á−¨§¨âì §�¢¨á¨¬®áâì ¥£® ¢−¥¤à¥−¨ï ¢ à®áá¨©áª¨¥ èª®«ë
®â áãé¥áâ¢ãîé¥© ®¡¥á¯¥ç¥−−®áâ¨ ª�−�«�¬¨ á¢ï§¨. �à¥¤«®¦¥−−®¥ à¥è¥−¨¥ ¯®
à�§−ë¬ ¯à¨ç¨−�¬ ®â«¨ç�¥â ¥£® ®â ¯à¥¤«�£�¥¬ëå �−�«®£®¢ ª�ª ¢ ÷®áá¨¨, â�ª
¨ §� àã¡¥¦®¬.

Š«îç¥¢ë¥ á«®¢�: í«¥ªâà®−−ë© ãç¥¡−¨ª; «®£¨áâ¨ª�; ¦¨§−¥−−ë© æ¨ª«

DOI: 10.14357/08696527140316

1 Введение

Œ®¡¨«ì−ë© �“ ¤«ï èª®« áâ�« ®¤−®© ¨§ �ªâã�«ì−ëå â¥¬ ¯®á«¥¤−¥£® ¢à¥¬¥−¨.
�¥à¨®¤¨ç¥áª¨ ¯®ï¢«ï¥âáï ¨−ä®à¬�æ¨ï ® ¯¨«®â−ëå ¯à®¥ªâ�å ¯® ¢−¥¤à¥−¨î ¨ ¨á-
¯®«ì§®¢�−¨î èª®«ì−ëå �“ ¢ à�§−ëå áâà�−�å. ’�ª, ¢ 2012 £. ’ãàæ¨ï ¯à¨áâã¯¨«�
ª à¥�«¨§�æ¨¨ ®¤−®£® ¨§ á�¬ëå ¬�áèâ�¡−ëå ¯à®¥ªâ®¢ ¯® ¢−¥¤à¥−¨î ¯«�−è¥â®¢
¢ áà¥¤−¨å èª®«�å. ‚ â¥ç¥−¨¥ âà¥å «¥â −�ç¨−�ï á 2013 £. 16 ¬«− âãà¥æª¨å
èª®«ì−¨ª®¢ á 1-£® ¯® 12-© ª«�áá ¡¥á¯«�â−® ¯®«ãç�â ®â £®áã¤�àáâ¢� ¯«�−è¥âë
á ãáâ�−®¢«¥−−ë¬¨ −� −¨å á¯¥æ¨�«ì−® à�§à�¡®â�−−ë¬¨ �“, ã¤®¢«¥â¢®àïîé¨¬¨
âà¥¡®¢�−¨ï¬ £®áã¤�àáâ¢¥−−®© ãç¥¡−®© ¯à®£à�¬¬ë. �¬¡¨æ¨®§−ë¥ ¯«�−ë ¯®áâ�-
¢¨«� ¯¥à¥¤ á®¡®© ā¦−�ï Š®à¥ï, ®¡êï¢¨¢è�ï ® ¯®«−®¬ ¯¥à¥å®¤¥ ª 2015 £. −�
�“ [1]. �¤−®¢à¥¬¥−−® á ¨−ä®à¬�æ¨¥© ®¡ ãá¯¥å�å ¯®ï¢«ïîâáï ¬�â¥à¨�«ë ® ¤®-
¯ãé¥−−ëå −¥¤®à�¡®âª�å ¨ ¯à®áç¥â�å: −¥ ¢á¥ ¯à®¥ªâë ¯® ¢−¥¤à¥−¨î ãç¥¡−¨ª®¢

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, d.a.bogdanova@mail.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, A.fedoseev@ipiran.ru
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Š ¢®¯à®áã ® «®£¨áâ¨ª¥ ¢−¥¤à¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¬®¡¨«ì−ëå í«¥ªâà®−−ëå ãç¥¡−¨ª®¢

−� ®á−®¢¥ ¯«�−è¥â®¢ ¯à®å®¤ïâ £«�¤ª®. ��¯à¨¬¥à, ®á¥−ìî 2012 £. ¢ ®¡à�§®¢�-
â¥«ì−ëå áâàãªâãà�å ‹®á-�−¤¦¥«¥á� à�§£®à¥«áï ¡®«ìè®© áª�−¤�«: ¡®«¥¥ âà¥åá®â
ãç�é¨åáï áâ�àè¨å ª«�áá®¢, ª®â®àë¬ ¢ à�¬ª�å ®£à®¬−®£® à¥£¨®−�«ì−®£® ®¡à�§®-
¢�â¥«ì−®£® ¯à®¥ªâ� ¯® á®§¤�−¨î �“ ¡ë«¨ ¢ë¤�−ë ¯«�−è¥âë, âãâ ¦¥ ¢áªàë«¨
á¨áâ¥¬ã ¡¥§®¯�á−®áâ¨, ãáâ�−®¢«¥−−ãî èª®«®©, ¨ ®â¯à�¢¨«¨áì ªâ® ¢ Facebook,
� ªâ® | ®¡é�âìáï ¢ Twitter [2]. �à¨ íâ®¬, ¯® ¬−¥−¨î ãç�é¨åáï, ¢áï á¨áâ¥¬�
−�áâà®¥ª, ãáâ�−®¢«¥−−�ï èª®«®©, ¬®£«� ¡ëâì «¥£ª® ®¡®©¤¥−� «î¡ë¬ ç¥«®¢¥ª®¬
á ¬¨−¨¬�«ì−ë¬ ®¯ëâ®¬, â�ª ¦¥ ª�ª ¨ èª®«ì−�ï á¨áâ¥¬� ¡¥§®¯�á−®áâ¨ | Firewall.
�¡à�§®¢�â¥«ì−ë¥ ¢«�áâ¨ à¥£¨®−� ®¡¢¨−¨«¨ ¢ â®¬, çâ® ¯à¥¤¢�à¨â¥«ì−® −¥ ¡ë«®
à�§à�¡®â�−® ç¥âª®© áâà�â¥£¨¨ ¢−¥¤à¥−¨ï ¨ ¯¥à¥å®¤� −� −®¢ë¥ áà¥¤áâ¢� ®¡ãç¥−¨ï,
¢á¥ ¤¥©áâ¢¨ï àãª®¢®¤áâ¢� ¢ë£«ï¤¥«¨ á«¨èª®¬ ¯®á¯¥è−ë¬¨ ¨ −¥¯à®¤ã¬�−−ë¬¨.
“ç�é¨¥áï ¨ ¯¥àá®−�« −¥ ¡ë«¨ ¯à®¨−áâàãªâ¨à®¢�−ë −�¤«¥¦�é¨¬ ®¡à�§®¬ |
¨ èª®«ì−¨ª¨ ¯®§¢®«¨«¨ á¥¡¥ ¯®¤®¡−ë¥ ¢®«ì−®áâ¨.

‘â�à�ïáì ãç¥áâì ®¯ëâ çã¦¨å ®è¨¡®ª, ÷®áá¨ï, £¤¥ �“ −�ç�« ¯®áâ¥¯¥−−®
áâ�−®¢¨âìáï ä�ªâ®¬ −�è¥© ¦¨§−¨, ¥é¥ â®«ìª® −�ç¨−�¥â á¢®© ¯ãâì. �®ï¢«ï¥âáï
¨−ä®à¬�æ¨ï ® ¯¨«®â−ëå ¯à®¥ªâ�å ¯® ¨á¯®«ì§®¢�−¨î ¯«�−è¥â®¢ ¢ ®â¤¥«ì−ëå
èª®«�å ®â¤¥«ì−ëå à¥£¨®−®¢, −® ¯à®¨áå®¤ïé¥¥ −®á¨â áª®à¥¥ ¥¤¨−¨ç−ë©, ç¥¬
¬�áá®¢ë© å�à�ªâ¥à [1]. ‚ ¯à¥¤«�£�¥¬®© áâ�âì¥ �¢â®àë ¯à¥¤áâ�¢«ïîâ á¢®¥ ¢¨¤¥−¨¥
¯à®¡«¥¬ë à�§à�¡®âª¨ �“.

2 Проблемы, ожидающие решения

‘«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥ −� â®â ä�ªâ, çâ®, −¥á¬®âàï −� §−�ç¨â¥«ì−®¥ ç¨á«®
§�àã¡¥¦−ëå ¯ã¡«¨ª�æ¨© ® ¢−¥¤à¥−¨¨ ¨ ¨á¯®«ì§®¢�−¨¨ �“ −� ®á−®¢¥ ¯«�−è¥â®¢,
¬−®£¨¥ áãé¥áâ¢¥−−ë¥ ¤¥â�«¨, ª�á�îé¨¥áï ®à£�−¨§�æ¨®−−ëå �á¯¥ªâ®¢, −¥ −�å®¤ïâ
®á¢¥é¥−¨ï, ¨å ¯à¥¤¢�à¨â¥«ì−�ï âé�â¥«ì−�ï ¯à®à�¡®âª� ï¢«ï¥âáï ®ç¥−ì ¢�¦−®©.
‚ ¤�−−®¬ á«ãç�¥ ¨¬¥îâáï ¢ ¢¨¤ã −¥ ¬¥â®¤¨ª¨ ®¡ãç¥−¨ï ¨ ®¡à�§®¢�â¥«ì−®¥
á®¤¥à¦�â¥«ì−®¥ −�¯®«−¥−¨¥, � ¢®¯à®áë «®£¨áâ¨ª¨: ®à£�−¨§�æ¨ï ¯®«ãç¥−¨ï,
¨á¯®«ì§®¢�−¨ï ¨ ¯®¤¤¥à¦ª¨ ãç¥¡−¨ª®¢. ‚ ¯¥àá¯¥ªâ¨¢¥ ¯¥à¥å®¤� à®áá¨©áª¨å
èª®« ª ¨á¯®«ì§®¢�−¨î �“ ¨¬¥¥â á¬ëá« ¯à®à�¡®â�âì íâ¨ áâ®«ì áãé¥áâ¢¥−−ë¥
¢®¯à®áë §�à�−¥¥, çâ®¡ë ®¯â¨¬¨§¨à®¢�âì ¯à®æ¥áá ¯¥à¥å®¤� −� −®¢ë¥ â¥å−¨ç¥áª¨¥
áà¥¤áâ¢�, � −¥ ¯à¨−¨¬�âì à¥è¥−¨ï −� å®¤ã, ã¦¥ −�å®¤ïáì ú¢ ¯à®æ¥áá¥û, ª�ª
íâ® ¯à®¨§®è«®, ª ¯à¨¬¥àã, ¢ ‹®á-�−¤¦¥«¥á¥ ¨«¨ �ìî-‰®àª¥ (® ç¥¬ ¥é¥ ¡ã¤¥â
áª�§�−®).

÷�áá¬®âà¨¬, ª�ª¨¥ ¯à®¡«¥¬ë, âà¥¡ãîé¨¥ à¥è¥−¨ï, ¯à¥¯ïâáâ¢ãîâ −¥¬¥¤«¥−-
−®¬ã ¨ ¬�áá®¢®¬ã ¢−¥¤à¥−¨î �“.

��ç−¥¬ á ¯®ªã¯ª¨ ¯«�−è¥â�. Œ®£ãâ ¨á¯®«ì§®¢�âìáï à�§−ë¥ áå¥¬ë:

{ £®áã¤�àáâ¢® ¯®ªã¯�¥â ¨ ®â¤�¥â ¤¥âï¬ ¢ ¡¥§¢®§¬¥§¤−®¥ ¯®«ì§®¢�−¨¥, ª�ª,
−�¯à¨¬¥à, ¢ ’ãàæ¨¨, ® ç¥¬ ã¦¥ ¡ë«® áª�§�−®;

{ à®¤¨â¥«¨ ¯®ªã¯�îâ §� á¢®¨ ¤¥−ì£¨ ¯® à®§−¨ç−®© æ¥−¥. �¡ëç−® ¯®¤®¡−ë¥
§�ªã¯ª¨, á ãç¥â®¬ âà¥¡ã¥¬ëå ¯�à�¬¥âà®¢, ª®®à¤¨−¨àãîâ �ªâ¨¢¨áâë à®¤¨-
â¥«ìáª®£® ª®¬¨â¥â�, ®áãé¥áâ¢«ïï ¨å æ¥−âà�«¨§®¢�−−®;
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{ ¯®ªã¯ª� ®áãé¥áâ¢«ï¥âáï ¨§ à�áç¥â� 50 : 50, £¤¥ ¯®«®¢¨−ã áâ®¨¬®áâ¨ ®¯«�ç¨-
¢�¥â £®áã¤�àáâ¢®;

{ à®¤¨â¥«¨ ¯®ªã¯�îâ ¯«�−è¥â ¨−¤¨¢¨¤ã�«ì−®, −® ¯® ®¯â®¢®© æ¥−¥, � ¤®£®¢®à
á ¯®áâ�¢é¨ª®¬ à¥£ã«¨àãîâ ¨«¨ èª®«�, ¨«¨ ¬¥áâ−ë¥ ®à£�−ë ®¡à�§®¢�−¨ï;

{ à®¤¨â¥«ï¬ ¯à¥¤®áâ�¢«ï¥âáï −¨§ª®¯à®æ¥−â−ë© ªà¥¤¨â −� ¯®ªã¯ªã. �â®â ¢®-
¯à®á â�ª¦¥ à¥£ã«¨àã¥âáï ¨«¨ àãª®¢®¤áâ¢®¬ èª®«ë, ¨«¨ ¬¥áâ−ë¬¨ ®à£�−�¬¨
®¡à�§®¢�−¨ï.

„�«¥¥ ¢®§−¨ª�¥â ¯à®¡«¥¬� ®¡á«ã¦¨¢�−¨ï. ‚ èª®«¥ ¤®«¦−� ¢®§−¨ª−ãâì
á¯¥æ¨�«ì−�ï èâ�â−�ï ¥¤¨−¨æ�, ª®â®à�ï ¡ã¤¥â §�−¨¬�âìáï §�ª�ç¨¢�−¨¥¬ −®¢ëå
ãç¥¡−ëå ¬�â¥à¨�«®¢, ¯®¤¤¥à¦ª®© á®¤¥à¦�−¨ï. ‚®§¬®¦−®, çâ® íâ®â ¦¥ á®âàã¤−¨ª
¡ã¤¥â ®áãé¥áâ¢«ïâì ¨ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥ ¯«�−è¥â®¢. �â� áå¥¬�, ®ç¥-
¢¨¤−®, ¯à¨£®¤−� ¤«ï á¨âã�æ¨¨, ª®£¤� ¯«�−è¥â ï¢«ï¥âáï ¯®«−®© ¨«¨ ç�áâ¨ç−®©
á®¡áâ¢¥−−®áâìî èª®«ë. ‚ ¢�à¨�−â¥, ª®£¤� ¢«�¤¥«ìæ¥¬ ¯«�−è¥â� ï¢«ï¥âáï á¥¬ìï
ãç�é¥£®áï, á¨âã�æ¨ï −¥ áâ®«ì ®ç¥¢¨¤−�. ‘â�−¥â «¨ èª®«� ¡¥á¯«�â−® ®¡á«ã¦¨¢�âì
¯«�−è¥âë ¤¥â¥© ¨«¨ à®¤¨â¥«ï¬ ¯à¨¤¥âáï ¯«�â¨âì −¥ª®â®àãî áã¬¬ã §� ®¡á«ã-
¦¨¢�−¨¥? Šà®¬¥ â®£®, ¢®§−¨ª�¥â ¯à®¡«¥¬� ¯®¤§�àï¤ª¨ �ªªã¬ã«ïâ®à®¢. Š�ª¨¬
®¡à�§®¬ ®−� ¡ã¤¥â à¥è�âìáï | â�ª¦¥ −¥ ïá−®.

�à®¡«¥¬� ¨á¯®«ì§®¢�−¨ï ¨ åà�−¥−¨ï. �ã¤ãâ «¨ ãç�é¨¥áï ¡à�âì ¯«�−è¥â
á á®¡®© ¤®¬®© ¨«¨ ®− ¡ã¤¥â −�å®¤¨âìáï −� åà�−¥−¨¨ ¢ èª®«¥? ‚ íâ®¬ á«ã-
ç�¥ ¢®§−¨ª�¥â ¢®¯à®á åà�−¥−¨ï: ¢ ª�ª®¬ ª«�áá¥, ªâ® ¡ã¤¥â ®â¢¥âáâ¢¥−−ë¬ §�
á®åà�−−®áâì.

�à¨ íâ®¬ á«¥¤ã¥â ¯®¬−¨âì ® â®¬, çâ® ¯«�−è¥â®¬ ¡ã¤ãâ ¯®«ì§®¢�âìáï ª�¦¤ë©
¤¥−ì. ‡−�ç¨â, ¢ á«ãç�¥ åà�−¥−¨ï ¢ èª®«¥ −¥ ¤®«¦−® ¢®§−¨ª�âì ¯à®¡«¥¬ á ¯®-
«ãç¥−¨¥¬ ª�¦¤ë¬ ãç�é¨¬áï á¢®¥£® ¯«�−è¥â� ¯¥à¥¤ −�ç�«®¬ §�−ïâ¨©. ‚ á«ãç�¥
¥á«¨ ¯«�−è¥â ¡¥à¥âáï ¤®¬®©, ªâ® ®â¢¥âáâ¢¥− §� ¥£® á®åà�−−®áâì ¯® ¤®à®£¥ ¢ èª®«ã
¨ ®¡à�â−®? ‚ ‘˜� ®¯ã¡«¨ª®¢�−� áâ�â¨áâ¨ª�, ¨««îáâà¨àãîé�ï â®â ä�ªâ, çâ®
−¥ª®â®àë¥ ãç�é¨¥áï ¨§ ¬�«®®¡¥á¯¥ç¥−−ëå á¥¬¥©, ¯®«ãç¨¢ ¡¥á¯«�â−® ¯«�−è¥â
¢ á¢®¥ ¯®«ì§®¢�−¨¥, ¢áª®à¥ ®¡êï¢«ï«¨ ¥£® ãâ¥àï−−ë¬. �®á«¥ −¥áª®«ìª¨å ¯®¤®¡-
−ëå á«ãç�¥¢ ¡ë«® −�©¤¥−® à¥è¥−¨¥, ª®£¤� ú¯®â¥àï¢è¥¬ãû −¥ ¢ë¤�¢�«áï ¢§�¬¥−
−®¢ë© ¯«�−è¥â, � ¯à¥¤«�£�«®áì ®áâ�¢�âìáï ¢ èª®«¥ ¯®á«¥ ãà®ª®¢ ¤«ï ¢ë¯®«−¥−¨ï
¤®¬�è−¥£® §�¤�−¨ï −� èª®«ì−®¬ ¯«�−è¥â¥ [1].

�à®¡«¥¬� ¢®§®¡−®¢«¥−¨ï. �ç¥¢¨¤−®, çâ® ¥á«¨ à¥¡¥−®ª ¡ã¤¥â å®¤¨âì á ¯«�−-
è¥â®¬ ¢ èª®«ã ¨ ¤®¬®©, ¯®¢ëè�¥âáï ¢¥à®ïâ−®áâì ¥£® ¯®àç¨. ˆ«¨, −�¯à¨¬¥à,
¯«�−è¥â ¬®£ãâ ã à¥¡¥−ª� ®â−ïâì. ‘«¥¤®¢�â¥«ì−®, ¢®§−¨ª�¥â ¯à®¡«¥¬� áâà�å®¢�-
−¨ï ¯«�−è¥â®¢. �à¨ íâ®¬ −¥ ïá−®, ªâ® ¡ã¤¥â ®¯«�ç¨¢�âì áâà�å®¢®© ¢§−®á, ªâ®
¡ã¤¥â ¢ë£®¤®¯à¨®¡à¥â�â¥«¥¬ ¨ â. ¤.

‚ëáª�§ë¢�îâáï ¯à¥¤«®¦¥−¨ï, çâ® ¯«�−è¥â ¤®«¦¥− áâ�âì á¢®¥£® à®¤� ú¯®àâ-
ä®«¨®û, ¢ ª®â®à®¬ ¡ã¤ãâ åà�−¨âìáï ¢á¥ à¥§ã«ìâ�âë â¥áâ®¢, ª®−âà®«ì−ëå à�¡®â
¨ â. ¤. ‚ íâ®¬ á«ãç�¥ ¢®§−¨ª�¥â ¢®¯à®á ® â®¬, ª�ª¨¬ ®¡à�§®¬ ¡ã¤¥â á®§¤�¢�âìáï
backup (¤«ï â�ª®£® á«ãç�ï ®− ¯à®áâ® −¥®¡å®¤¨¬) ¨ £¤¥ ®− ¡ã¤¥â −�å®¤¨âìáï, ªã¤�
à¥§ã«ìâ�âë ¡ã¤ãâ ¯¥à¥¤�¢�âìáï ¨ −�áª®«ìª® íâ® åà�−¨«¨é¥ ¡ã¤¥â §�é¨é¥−® ®â
¢−¥è−¥£® ¢â®à¦¥−¨ï ª�ª ä¨§¨ç¥áª®£®, â�ª ¨ ã¤�«¥−−®£®, ¯à®£à�¬¬−®£®.
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Š ¢®¯à®áã ® «®£¨áâ¨ª¥ ¢−¥¤à¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¬®¡¨«ì−ëå í«¥ªâà®−−ëå ãç¥¡−¨ª®¢

�à®¡«¥¬� ª¨¡¥à¡¥§®¯�á−®áâ¨. ‘ ¯®ï¢«¥−¨¥¬ ¯®¤å®¤�, à¥�«¨§ãîé¥£® ¯à¨−-
æ¨¯ úã¤�«¥−−®©, ¤®¬�è−¥© à�¡®âë á®âàã¤−¨ª�û ®ç¥−ì ¬−®£® ¢®¯à®á®¢ ¢®§−¨ª«®
¢ á¢ï§¨ á −¥®¡å®¤¨¬®áâìî ¤®¯®«−¨â¥«ì−ëå ¬¥à ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ «®-
ª�«ì−®© á¥â¨ ª®¬¯�−¨¨, ª ª®â®à®© úã¤�«¥−−ë© á®âàã¤−¨ªû ¡ã¤¥â ¯®¤ª«îç�âìáï
¨§ ¤®¬� ¨«¨ ¯®á«¥ à�¡®âë ¤®¬�. BYOD | bring your own device | íâ®© �¡¡à¥-
¢¨�âãà®© ®¡®§−�ç�îâ ã¯®¬ï−ãâãî á¨âã�æ¨î. �à®¡«¥¬� ª�á�¥âáï ª�ª ®¯�á−®áâ¥©
¢¨àãá−®£® §�à�¦¥−¨ï, â�ª ¨ á®åà�−−®áâ¨ ¨−ä®à¬�æ¨¨, åà�−ïé¥©áï −� á¥à¢¥à¥
ª®¬¯�−¨¨. �−�«®£¨ç−�ï ¯à®¡«¥¬� ¢®§−¨ª−¥â ¨ ¢ á¨âã�æ¨¨, ª®£¤� ãç�é¨¥áï,
¯à¨¤ï á ¯«�−è¥â�¬¨, ª®â®àë¬¨ ®−¨ ¯®«ì§®¢�«¨áì ¤®¬�, áâ�−ãâ ¯®¤ª«îç�âìáï
ª èª®«ì−®© á¥â¨.

�à®¡«¥¬� ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«®¢ á¢ï§¨. ˜ª®«ì−ë¥ á¥â¨ ¨ ¢−¥è-
−¨¥ ª�−�«ë á¢ï§¨ ª�ª ¢ ÷®áá¨¨, â�ª ¨ §� àã¡¥¦®¬ á®§¤�¢�«¨áì, ¨áå®¤ï ¨§ ¢®§-
¬®¦−®áâ¥© èª®«ë, ¨¬¥îé¥© −¥áª®«ìª® ª®¬¯ìîâ¥à−ëå ª«�áá®¢, ª®â®àë¥ ¬®£«¨
¢ëå®¤¨âì ¢ ˆ−â¥à−¥â −¥ ®¤−®¢à¥¬¥−−®, ¢ §�¢¨á¨¬®áâ¨ ®â èª®«ì−®£® à�á¯¨á�−¨ï.
Š®£¤� ¢á¥ ª«�ááë ¡ã¤ãâ ¨á¯®«ì§®¢�âì ¬®¡¨«ì−ë¥ ãç¥¡−¨ª¨ ¢® ¢à¥¬ï ãà®ª®¢, ¬®-
¦¥â á«®¦¨âìáï á¨âã�æ¨ï, ª®£¤� ¢®§¬®¦−®áâ¨ ª�−�«®¢ á¢ï§¨ ¡ã¤ãâ −¥ ¢ á®áâ®ï−¨¨
®¡¥á¯¥ç¨âì âà¥¡ã¥¬®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨. ’�ª, ¢ 2011{2012 ãç¥¡−®¬ £®¤ã
¢ àï¤¥ èª®« �ìî-‰®àª� ¡ë«® §�¯à¥é¥−® ¨á¯®«ì§®¢�âì ¬®¡¨«ì−ë¥ ãáâà®©áâ¢� ¤«ï
¯®¤ª«îç¥−¨ï ª èª®«ì−®¬ã Wi-Fi, ¯®áª®«ìªã ¬�áá®¢®¥ ¯®¤ª«îç¥−¨¥ iPad, iPod
Touch, â¥«¥ä®−®¢ iPhone ¨ Android ¯à¥¢ëá¨«® ¢®§¬®¦−®áâ¨ ¯®çâ®¢®£® á¥à¢¥-
à� [1]. �à¨è«®áì ®â¤¥«ì−® ¨ ¢ áà®ç−®¬ ¯®àï¤ª¥ à¥è�âì ¯à®¡«¥¬ã ¯®¢ëè¥−¨ï
¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«®¢ á¢ï§¨ ¤«ï −ìî-©®àªáª¨å èª®«. �®íâ®¬ã −¥á«ã-
ç�©−® à�§à�¡®âç¨ª®¬ âà¥¡®¢�−¨© ª �“ ¢ ‘˜� ¢ëáâã¯¨«® Œ¨−¨áâ¥àáâ¢® á¢ï§¨
¯® §�ª�§ã Œ¨−¨áâ¥àáâ¢� ®¡à�§®¢�−¨ï ¨ ¯à®¡«¥¬� à�áá¬�âà¨¢�«�áì ª®¬¯«¥ªá−®:
á ¯®§¨æ¨© âà¥¡®¢�−¨© ¨ ª ª�−�«�¬ á¢ï§¨, ¨ ª á�¬¨¬ ãáâà®©áâ¢�¬. ‚¥¤ì ª®−æ¥¯æ¨ï
¨¤¥�«ì−®© ¤®áâã¯−®áâ¨ (á¬. ¤�«¥¥), ¯® ¬−¥−¨î �¢â®à®¢, ¯®¬¨¬® ®−«�©−®¢®£®
ª®−â¥−â� ¯à¥¤¯®«�£�¥â ¨ ¢®§¬®¦−®áâì ¯®áâ®ï−−®£® −¥®£à�−¨ç¥−−®£® ¤®áâã¯�, çâ®
®¡¥á¯¥ç¨¢�¥âáï «¨¡® è¨à®ª®¯®«®á−ë¬¨ ª�−�«�¬¨ á¢ï§¨, «¨¡® á¯¥æ¨�«ì−ë¬¨ â¥å-
−®«®£¨ï¬¨, çâ® �ªâã�«ì−® ¢ −ë−¥è−¨å à®áá¨©áª¨å ãá«®¢¨ïå, ¯®áª®«ìªã «¨èì
10% £®à®¤áª¨å ¨ 3% á¥«ìáª¨å èª®« ¨¬¥îâ áª®à®áâ−®© ˆ−â¥à−¥â [3].

÷�¡®â� á ª«�¢¨�âãà®©. �¥à¥å®¤ −� �“ ¯®¢ëè�¥â âà¥¡®¢�−¨ï ª áª®à®áâ¨
à�¡®âë á ª«�¢¨�âãà®©. ‚ á¢ï§¨ á ç¥¬ −¥®¡å®¤¨¬® ®¡ãç¥−¨¥ −�¢ëª�¬ á«¥¯®©
¤¥áïâ¨¯�«ìæ¥¢®© ¯¥ç�â¨. ‚ §�¯�¤−ëå èª®«�å, ¢ ç�áâ−®áâ¨ ¢ ‘˜� ¨ ‚¥«¨ª®-
¡à¨â�−¨¨, áãé¥áâ¢ãîâ ¬¥â®¤¨ª¨ ®¡ãç¥−¨ï, à�§à�¡®â�−−ë¥ á¯¥æ¨�«ì−® ¤«ï ¤¥â¥©
á ¯®§¨æ¨© âà¥¡®¢�−¨© á�−¨â�à−ëå −®à¬ ®â−®á¨â¥«ì−® ¯®«®¦¥−¨ï ª¨áâ¨, −�£àã§®ª
−� ¯�«ìæë ¨ â. ¤. �¡ãç¥−¨¥ â�¬ ¢¥¤¥âáï á® 2-£®{3-£® ª«�áá� −�ç�«ì−®© èª®«ë.
�âà�¤−® ®â¬¥â¨âì, çâ® ¢ ÷®áá¨¨ â�ª¦¥ ®¡êï¢«¥−® ®¡ãç¥−¨¥ ¤¥áïâ¨¯�«ìæ¥¢®©
¯¥ç�â¨ ¢ −�ç�«ì−®© èª®«¥. �® ¢ èª®«�å, á ª®â®àë¬¨ �¢â®àë á®âàã¤−¨ç�îâ, íâ¨
¨§¬¥−¥−¨ï ¯®ª� −¥ ¢®è«¨ ¢ ¯à�ªâ¨ªã. ˆ, −¥á¬®âàï −� ¢®§−¨ªèãî ¢−¥è−îî áå®-
¦¥áâì ¢ íâ®¬ ¢®¯à®á¥ á §�¯�¤−ë¬¨ èª®«�¬¨, §¤¥áì, ¯® ¬−¥−¨î �¢â®à®¢, ªà®îâáï
®¯à¥¤¥«¥−−ë¥ á«®¦−®áâ¨. �¥«ì§ï −¥ ®â¬¥â¨âì â®â ä�ªâ, çâ® ª«�¢¨�âãà� (¥á«¨
¬®¦−® â�ª áª�§�âì) −� ¡®«ìè¨−áâ¢¥ ¯«�−è¥â®¢ ®â«¨ç�¥âáï ®â â®©, ¤«ï ª®â®à®©
¡ë«¨ à�§à�¡®â�−ë à¥ª®¬¥¤®¢�−−ë¥ ª«�¢¨�âãà−ë¥ âà¥−�¦¥àë [4{7]. ‘¯¥æ¨�«¨-
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áâë £®¢®àïâ: úA touch is not a clickû. �â� äà�§�, ¯® ¬−¥−¨î �¢â®à®¢, ®âà�¦�¥â
¯à¨−æ¨¯¨�«ì−ãî à�§−¨æã ¬¥¦¤ã á¥−á®à−ë¬ ¨ ª«�¢¨�âãà−ë¬ ¯¨áì¬®¬.

‚ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï áå¥¬ë ú2 ãç¥−¨ª� −� 1 ª®¬¯ìîâ¥àû −¥ª®â®à�ï ç�áâì
¨§ ¯¥à¥ç¨á«¥−−ëå ¢®¯à®á®¢, ¢ ç�áâ−®áâ¨ BYOD, ¨á¯®«ì§®¢�−¨ï ¨ áâà�å®¢�−¨ï
®â ¯®àç¨, ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ á−¨¬�¥âáï, −® ®áâ�«ì−ë¥ ¢®¯à®áë, ®¡é¨¥ á®
áå¥¬®© 1 : 1, ¯®-¯à¥¦−¥¬ã −ã¦¤�îâáï ¢ à¥è¥−¨¨. �¥«ì§ï −¥ ¯à¨§−�âì, çâ®, áã¤ï
¯® â¥−¤¥−æ¨ï¬ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå ¨ ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©
(ˆŠ’), íâ� áå¥¬� ¢ ¡«¨¦�©è¥¥ ¢à¥¬ï, áª®à¥¥ ¢á¥£®, ¯®â¥àï¥â á¢®î �ªâã�«ì−®áâì.
–¥−� ˆŠ’-ãáâà®©áâ¢ ¨¬¥¥â â¥−¤¥−æ¨î ª á−¨¦¥−¨î, ¯®íâ®¬ã áâ�−®¢¨âáï ¯®
ª�à¬�−ã ¢á¥ ¡®«¥¥ è¨à®ª®¬ã ªàã£ã ¯®«ì§®¢�â¥«¥©.

Š�ª®¥ à¥è¥−¨¥ ¯¥à¥ç¨á«¥−−ëå ¯à®¡«¥¬ ¢¨¤¨âáï ¢®§¬®¦−ë¬ ¨ æ¥«¥á®®¡à�§-
−ë¬?

Š�ª ¢¨¤−® ¨§ ¯¥à¥ç¨á«¥−−®£® ¢ëè¥, áãé¥áâ¢¥−−�ï ç�áâì ¯à®¡«¥¬ ¢®§−¨ª�¥â
¢ á¢ï§¨ á −�«¨ç¨¥¬ á¢ï§ª¨ �“{¯«�−è¥â. �â® £®¢®à¨â ® â®¬, çâ® �“, á®¥¤¨−¥−-
−ë© á ãáâà®©áâ¢®¬ â®«ìª® ®¯à¥¤¥«¥−−®£® â¨¯�, −¥ ï¢«ï¥âáï å®à®è® ¯à®¤ã¬�−−ë¬
à¥è¥−¨¥¬. ‘ª®à¥¥ ¢á¥£®, íâ� á¨âã�æ¨ï −�¢ï§�−� á¨áâ¥¬¥ ®¡à�§®¢�−¨ï ¯à®¨§-
¢®¤¨â¥«ï¬¨ í«¥ªâà®−−ëå ãáâà®©áâ¢ ¨ ¨§¤�â¥«¥© �“. ��¯à¨¬¥à, −� ¯«�−è¥â�å
ª®¬¯�−¨¨ Apple ¨á¯®«ì§ãîâáï �“, á®§¤�−−ë¥ á ¯®¬®éìî ª®−áâàãªâ®à� �“ ª®¬-
¯�−¨¨ Apple, | ¨ −¨ª�ª¨¥ ¤àã£¨¥. ‡¤¥áì á«¥¤ã¥â ®£®¢®à¨âìáï, çâ®, ª�ª ¯à�¢¨«®,
ª�ª¨¥-«¨¡® ãâ¢¥à¦¤¥−¨ï, ¡�§¨àãîé¨¥áï −� �−�«¨§¥ â¥ªãé¥© á¨âã�æ¨¨ ¢ ª®¬¯ìî-
â¥à−®¬ ¬¨à¥, ®ç¥−ì ¡ëáâà® ãáâ�à¥¢�îâ. ‚®§¬®¦−®, ª ¬®¬¥−âã ¢ëå®¤� íâ®© áâ�âì¨
á¨âã�æ¨ï ã¦¥ −¥ ¡ã¤¥â áâ®«ì ¦¥áâª®©. ’¥¬ −¥ ¬¥−¥¥ ¨−â¥à¥á−® §�¤�âìáï ¢®¯à®-
á®¬: � çâ® ï¢¨«®áì ¡ë å®à®è® ¯à®¤ã¬�−−ë¬ à¥è¥−¨¥¬, ª®â®à®¥ ¯®§¢®«¨«® ¡ë
¨§¡¥¦�âì ¡®«ìè¨−áâ¢� ¨§ ¯¥à¥ç¨á«¥−−ëå ¯à®¡«¥¬. Š�ª®© ¬®¦¥â ¡ëâì ¨¤¥�«ì−�ï
¤®áâã¯−®áâì �“?

3 Концепция идеальной доступности электронного учебника

�®−ïâ¨¥ ¨¤¥�«ì−®© ¤®áâã¯−®áâ¨ �“ §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬:

{ �“ ¤®áâã¯¥− ãç¥−¨ªã á «î¡®£® ª®¬¯ìîâ¥à�, ¯®¤¤¥à¦¨¢�îé¥£® ¬ã«ìâ¨¬¥-
¤¨©−®¥ á®¤¥à¦�−¨¥ ¨ ¨−â¥à�ªâ¨¢−ë¥ ¤¥©áâ¢¨ï, ¢ â®¬ ç¨á«¥ ¤®¬� ¨ ¢ èª®«¥.
�ªæ¥−â §¤¥áì ¤¥«�¥âáï −¥ −� â®¬, çâ®¡ë à�§à�¡®âç¨ª ãª�§�«, ª�ª®© â¨¯ ª®¬-
¯ìîâ¥à®¢ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−, � −� â®¬, çâ®¡ë ®¡¥á¯¥ç¨âì ¯à¨¬¥−¨¬®áâì
�“ ª® ¢á¥¬ â¨¯�¬ ¨¬¥îé¨åáï −� àë−ª¥ ª®¬¯ìîâ¥à®¢, ¯à¨−æ¨¯¨�«ì−® ¯®¤-
¤¥à¦¨¢�îé¨å ¬ã«ìâ¨¬¥¤¨©−®áâì ¨ ¨−â¥à�ªâ¨¢−®áâì;

{ ãç¥−¨ª −¥ −®á¨â á á®¡®© −¨ª�ª¨å ãáâà®©áâ¢, çâ®¡ë ¯®«ãç�âì ¤®áâã¯ ª �“;

{ £¤¥ ¡ë ¨ ª®£¤� ¡ë ãç¥−¨ª −¨ ¯®«ãç¨« ¤®áâã¯ ª �“, ¯®á«¥¤−¨© ¨¤¥−â¨ä¨æ¨-
àã¥â ãç¥−¨ª� ¨ áà�§ã ¢ë¢®¤¨â ¥£® −� −¥§�ª®−ç¥−−ë¥ ¤¥©áâ¢¨ï (¢ á®®â¢¥âáâ¢¨¨
á ¨−¤¨¢¨¤ã�«ì−®© âà�¥ªâ®à¨¥© ®¡ãç¥−¨ï), ¥á«¨ â�ª®¢ë¥ ¥áâì;

{ £¤¥ ¡ë ãç¥−¨ª −¨ à�¡®â�« á �“, ãç¨â¥«ì á «î¡®£® ª®¬¯ìîâ¥à� (èª®«ì−®£®
¨«¨ ¤®¬�è−¥£®) ¨¬¥¥â ¤®áâã¯ ª à¥§ã«ìâ�â�¬ ¥£® ¨−â¥à�ªâ¨¢−ëå ¤¥©áâ¢¨© ¯®
¢ë¯®«−¥−¨î §�¤�−¨© ¨ ¯® ¨−¤¨¢¨¤ã�«ì−®© âà�¥ªâ®à¨¨ ®¡ãç¥−¨ï.
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Š ¢®¯à®áã ® «®£¨áâ¨ª¥ ¢−¥¤à¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¬®¡¨«ì−ëå í«¥ªâà®−−ëå ãç¥¡−¨ª®¢

�®ïá−¨¬ íâ¨ ¯®«®¦¥−¨ï.
’à¥¡®¢�−¨ï ¬ã«ìâ¨¬¥¤¨©−®áâ¨ ¨ ¨−â¥à�ªâ¨¢−®áâ¨ ®â¬¥ç�îâáï ¢® ¬−®£¨å

â¥®à¥â¨ç¥áª¨å ¨ à¥ª®¬¥−¤�â¥«ì−ëå à�¡®â�å (á¬., −�¯à¨¬¥à, [8, 9]). �® ¨−â¥à�ª-
â¨¢−®áâì ¨ ®á®¡¥−−® ¬ã«ìâ¨¬¥¤¨©−®áâì à¥�«¨§ãîâáï −� à�§−ëå ¢ëç¨á«¨â¥«ì−ëå
¯«�âä®à¬�å ¯®-à�§−®¬ã. �®íâ®¬ã ¯à®¨§¢®¤¨â¥«¨ ¨ ¯à¨¢ï§ë¢�îâ �“ ª ª®−ªà¥â-
−ë¬ â¨¯�¬ ª®¬¯ìîâ¥à®¢ ¨«¨ ¯«�−è¥â®¢. ˆ¤¥�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¢ ¤�−−®¬
á«ãç�¥ ®§−�ç�¥â, çâ® �“ ¤®«¦¥− à�¡®â�âì −� ¢ëç¨á«¨â¥«ì−®¬ ãáâà®©áâ¢¥ «î¡®£®
â¨¯� ¨§ ¨¬¥îé¨åáï −� àë−ª¥ ¨ ¯à¨−æ¨¯¨�«ì−® ¯®¤¤¥à¦¨¢�îé¨å ¬ã«ìâ¨¬¥¤¨©-
−®áâì ¨ ¨−â¥à�ªâ¨¢−®áâì.

…á«¨ ¯à¥¤¯®«�£�¥âáï, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï −®à¬�«ì−®£® ãç¥¡−®£® ¯à®æ¥áá�
ãç�é¨¥áï ¤®«¦−ë ¥¦¥¤−¥¢−® ¯à¨−®á¨âì á á®¡®© ¢ èª®«ã ª�ª¨¥-«¨¡® ãáâà®©áâ¢�,
â® èª®«� ¯®¯�¤�¥â ¢ §�¢¨á¨¬®áâì ®â ¢ë¯®«−¥−¨ï íâ®£® âà¥¡®¢�−¨ï. “áâà®©áâ¢®
¬®¦¥â ¡ëâì §�¡ëâ® ¤®¬�, ¥£® ¬®£ãâ ®â−ïâì ¯® ¤®à®£¥ ¢ èª®«ã ¨«¨ ¨§ èª®«ë
(¤®à®£®áâ®ïé¨¥ ¯«�−è¥âë ®á®¡¥−−® ¯à¨¢«¥ª�â¥«ì−ë ¤«ï å¨é¥−¨©). ˆ¤¥�«ì−®áâì
¢ ¤�−−®¬ á«ãç�¥ §�ª«îç�¥âáï ¢ â®¬, çâ® ãç�é¨©áï à�¡®â�¥â á â¥¬ ª®¬¯ìîâ¥à®¬,
−®ãâ¡ãª®¬ ¨«¨ ¯«�−è¥â®¬, ª®â®àë© ¥¬ã ¯à¥¤®áâ�¢¨«¨ ¤«ï à�¡®âë ¢ èª®«¥, ¤®¬�,
¢ ¡¨¡«¨®â¥ª¥ ¨«¨ £¤¥-«¨¡® ¥é¥. ˆ ¯à¨ íâ®¬ ¥¬ã ¤®áâ�â®ç−® §−�âì, ª�ª §�£àã§¨âì
á¢®© ãç¥¡−¨ª, çâ®¡ë −�ç�âì à�¡®âã ¨«¨ ¯à®¤®«¦¨âì ¥¥ á â®£® ¬¥áâ�, −� ª®â®à®¬
¡ë« ¯à¥ªà�é¥− ¯à¥¤ë¤ãé¨© à�¡®ç¨© á¥�−á.

—â® ª�á�¥âáï ä¨ªá�æ¨¨ ¨−â¥à�ªâ¨¢−ëå ¤¥©áâ¢¨© ãç�é¨åáï ¨ ¤®áâã¯� ª −¨¬
ãç¨â¥«¥©, íâ® ®¯à¥¤¥«ï¥âáï âà¥¡®¢�−¨ï¬¨ ãç¥¡−®£® ¯à®æ¥áá�: ãç¨â¥«î −¥®¡å®-
¤¨¬® §−�âì ãà®¢¥−ì ¢®á¯à¨ïâ¨ï ãç¥¡−®£® ¬�â¥à¨�«� ¢á¥¬¨ ¥£® ãç¥−¨ª�¬¨ [10].
�à¨ ¨á¯®«ì§®¢�−¨¨ ¯®«¨£à�ä¨ç¥áª®£® ãç¥¡−¨ª� ¤®áâ¨¦¥−¨¥ â�ª®£® à¥§ã«ìâ�â�
−¥¢®§¬®¦−®. “ç¨â¥«ì ¯®«ãç�¥â ¨−ä®à¬�æ¨î ® áâ¥¯¥−¨ ¢®á¯à¨ïâ¨ï ¬�â¥à¨�-
«� ¯ãâ¥¬ ®¯à®á� −¥áª®«ìª¨å ãç¥−¨ª®¢ ª«�áá�. Š�ª ¯à�¢¨«®, ®¤¨− ¨ â®â ¦¥
ãç¥−¨ª ¬®¦¥â ¡ëâì ®¯à®è¥− ãç¨â¥«¥¬ −¥áª®«ìª® à�§ ¢ â¥ç¥−¨¥ ®âç¥â−®£® ¯¥-
à¨®¤� (ç¥â¢¥àâ¨ ¨«¨ âà¨¬¥áâà�). “ç¨â¥«ì ¡®«¥¥-¬¥−¥¥ à�¢−®¬¥à−® ®¯à�è¨¢�-
¥â ãç¥−¨ª®¢ ª«�áá� ¢ â¥ç¥−¨¥ (¯ãáâì) ç¥â¢¥àâ¨, á â¥¬ çâ®¡ë ¨¬¥âì ®á−®¢�−¨¥
¢ëáâ�¢¨âì ®æ¥−ªã ª�¦¤®¬ã ãç¥−¨ªã ¢ ª®−æ¥ ¯¥à¨®¤�. ’�ª�ï ¯à�ªâ¨ª� −¥ ¯®-
§¢®«ï¥â ®¯à®á¨âì ¢á¥å ãç¥−¨ª®¢ ¯® ª�¦¤®© ¨§ãç�¥¬®© â¥¬¥, ¯®íâ®¬ã â¥ªãé¨©
ª®−âà®«ì ¯¥à¥−®á¨âáï −� ¤àã£¨¥ ä®à¬ë: ª®−âà®«ì−ãî à�¡®âã, íª§�¬¥− ¨ â. ¯.
Š�ª ¨§¢¥áâ−®, ãç¥−¨ª¨ ¯®«ì§ãîâáï á¢®¨¬¨ ¯à¥¤¯®«®¦¥−¨ï¬¨ ®â−®á¨â¥«ì−® â®£®,
ªâ® áâ®¨â −� ®ç¥à¥¤¨ ¤«ï ®¯à®á� ãç¨â¥«¥¬, ¨ −¥ ãç�â §�¤�−−ë© ãà®ª, −�¯à¨-
¬¥à, ¯®á«¥ ãá¯¥è−®£® ®â¢¥â� −� ¯à¥¤ë¤ãé¥¬ ãà®ª¥, çâ® §�áâ�¢«ï¥â ãç¨â¥«ï
å¨âà¨âì, ¤¥«�âì ¯à®¢®ª�æ¨®−−ë¥ ®¯à®áë −¥¤�¢−® ®¯à®è¥−−ëå ãç¥−¨ª®¢, −®
¯à¨ íâ®¬ −¥ ®¯à�è¨¢�îâáï â¥ ãç¥−¨ª¨, ª®â®àë¥ ¤®«¦−ë ¡ëâì ®¯à®è¥−ë ¯®
¯«�−ã. ‚ ®¡é¥¬, á¨âã�æ¨ï ¬�«® ¯à®¤ãªâ¨¢−�ï ¨ á«�¡® ¯®¤¤�îé�ïáï ã«ãçè¥-
−¨î.

ˆá¯®«ì§®¢�−¨¥ �“ ¯à¨−æ¨¯¨�«ì−® ¯®§¢®«ï¥â ¯®«ãç�âì ¤�−−ë¥ ®¡ ãà®¢−¥
¢®á¯à¨ïâ¨ï ãç¥¡−®£® ¬�â¥à¨�«� ¢á¥¬¨ ãç¥−¨ª�¬¨ ¯® ª�¦¤®¬ã ãà®ªã, çâ® ¯®-
§¢®«ï¥â «¨ª¢¨¤¨à®¢�âì ®â¬¥ç¥−−ë© −¥¤®áâ�â®ª, ¥á«¨ â®«ìª® ª®−áâàãªæ¨ï �“
¯®§¢®«ï¥â íâ® ®áãé¥áâ¢¨âì. ˆ¬¥−−® ¢ íâ®¬, ¯® ¬−¥−¨î �¢â®à®¢, §�ª«îç�¥âáï
â®â −®¢ë© äã−ªæ¨®−�«, ª®â®àë© ®âªà®¥â �“ ¤®à®£ã ¢ èª®«ã [11]. …á«¨ −®¢ë¥
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„. �. �®£¤�−®¢�, �. �. ”¥¤®á¥¥¢

â¥å−®«®£¨¨ (¢ ¤�−−®¬ á«ãç�¥ ¢ ¢¨¤¥ �“) −¨ç¥£® −®¢®£® ¢ ãç¥¡−ë© ¯à®æ¥áá −¥
¯à¨¢−®áïâ, â® ¯à®¯�¤�¥â á¬ëá« ¨å ¯à¨¬¥−¥−¨ï.

4 О возможности реализации идеальной доступности
для электронного учебника

�à¥¦¤¥ ¢á¥£® á«¥¤ã¥â ®â¬¥â¨âì, çâ® ãª�§�−−ë¥ ¢ëè¥ á¢®©áâ¢� ¨¤¥�«ì−®©
¤®áâã¯−®áâ¨ �“ −¥ ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë ¢−¥ á¥â¨ ˆ−â¥à−¥â. ’à¥¡®¢�−¨¥
¤®áâã¯� ª �“, ¯à¨ç¥¬ ª â®© ¥£® ç�áâ¨, −� ª®â®à®© ãç¥−¨ª ®áâ�−®¢¨«áï ¢® ¢à¥¬ï
¯à¥¤ë¤ãé¥£® á¥�−á� à�¡®âë á ãç¥¡−¨ª®¬, ¢®§¬®¦−®, −� ¤àã£®¬ ª®¬¯ìîâ¥à¥,
®¤−®§−�ç−® á®®â¢¥âáâ¢ã¥â åà�−¥−¨î á®®â¢¥âáâ¢ãîé¨å ¤�−−ëå ¢ á¥â¨ ˆ−â¥à−¥â.
’® ¦¥ ®â−®á¨âáï ¨ ª âà¥¡®¢�−¨î ¤®áâã¯� ãç¨â¥«ï ª à¥§ã«ìâ�â�¬ à�¡®âë ãç¥-
−¨ª�, ®áãé¥áâ¢«ï¥¬®£® á «î¡®£® ª®¬¯ìîâ¥à�. ’�ª¨¬ ®¡à�§®¬, ª�ª ã¯à�¢«¥−¨¥
¯à®æ¥áá®¬ ®¡ãç¥−¨ï, á® áâ®à®−ë �“, â�ª ¨ ¯®¤£®â®¢ª� ¤�−−ëå ¤«ï ª®−âà®«ï
ãç¨â¥«¥¬, ®áãé¥áâ¢«ïîâáï ¢ á¥â¨ ˆ−â¥à−¥â. �®«¥¥ ¢á¥£® ®¯¨á�−−®¬ã ¯à®æ¥ááã
á®®â¢¥âáâ¢ã¥â â¥å−®«®£¨ï SaaS (Software as a Service).

‡−�ç¨â¥«ì−® ãá«®¦−ïîé¨¬ á¨âã�æ¨î ®¡áâ®ïâ¥«ìáâ¢®¬ ï¢«ï¥âáï â®â ä�ªâ, çâ®
¢ −�áâ®ïé¥¥ ¢à¥¬ï −¥ áãé¥áâ¢ã¥â ¢®§¬®¦−®áâ¨ ¯®«ãç¨âì ¥¤¨−ë© ¯à®£à�¬¬−ë©
ª®¤ �“, ª®â®àë© ¯à�¢¨«ì−® ¨ ¯®«−®æ¥−−® ®â®¡à�¦�« ¡ë §�¤ã¬�−−ë¥ ¯à®¨§-
¢®¤¨â¥«¥¬ ¬ã«ìâ¨¬¥¤¨©−ë¥ ¢®§¬®¦−®áâ¨ −� ¢á¥å áãé¥áâ¢ãîé¨å ¯«�âä®à¬�å
ª®¬¯ìîâ¥à®¢ ¨ ¯«�−è¥â®¢. �â� á¨âã�æ¨ï âà¥¡ã¥â ®â ¯à®¨§¢®¤¨â¥«¥© à�§à�¡®âª¨
á¢®¥£® ¯à®£à�¬¬−®£® ª®¤� �“ ¤«ï ª�¦¤®© ¯«�âä®à¬ë.

÷�§¬¥é¥−¨¥ ¢á¥£® �“ (â�ª ¦¥ ª�ª ¨ ª®¬¯«¥ªâ� ãç¥¡−¨ª®¢ ¤«ï ª�¦¤®£® ª«�áá�)
¢ á¥â¨ ˆ−â¥à−¥â ¯à¨¢¥¤¥â ª −¥®¡å®¤¨¬®áâ¨ −¥®¯à�¢¤�−−®© ¬�áá¨¢−®© ¯¥à¥ª�çª¨
¨−ä®à¬�æ¨¨, çâ® áãé¥áâ¢¥−−® ®á«®¦−¨â ¨«¨ á¤¥«�¥â −¥¢®§¬®¦−®© −®à¬�«ì−ãî
à�¡®âã ¢ ¡®«ìè¨−áâ¢¥ èª®«. �à�¢¨«ì−¥¥ ¡ã¤¥â, ¥á«¨ ¯®áâ®ï−−�ï, −¥ ¯®¤¢¥à-
£�îé�ïáï ç�áâë¬ ¨§¬¥−¥−¨ï¬ ¬ã«ìâ¨¬¥¤¨©−�ï ¨−ä®à¬�æ¨ï ¡ã¤¥â á®¤¥à¦�âìáï
−� ª®¬¯ìîâ¥à�å, á ª®â®àë¬¨ ãç�é¨¬áï ¯à¥¤¯®«�£�¥âáï à�¡®â�âì. ˆ â®«ìª®
¯¥à¥¬¥−−�ï, ¤®¢®«ì−® áªà®¬−�ï ç�áâì ¨−ä®à¬�æ¨¨ ¡ã¤¥â ¯ãâ¥è¥áâ¢®¢�âì ¢ ˆ−-
â¥à−¥â¥. ‘î¤� ®â−®áïâáï â�ª¨¥ ¤�−−ë¥, ª�ª ¨¤¥−â¨ä¨ª�æ¨ï ãç�é¥£®áï, ¢ â®¬
ç¨á«¥ ª�ª ãç¥−¨ª� ®¯à¥¤¥«¥−−®£® ª«�áá� ®¯à¥¤¥«¥−−®© èª®«ë, ¬¥áâ® ¥£® ®áâ�-
−®¢ª¨ ¢ ¨§ãç�¥¬®¬ ¬�â¥à¨�«¥, ¬�àèàãâ ¯à®¤¢¨¦¥−¨ï ¯® á®¤¥à¦�−¨î ãç¥¡−¨ª�,
¨â®£¨ ¢ë¯®«−¥−¨ï §�¤�−¨© ¨ −¥ª®â®àë¥ ¤àã£¨¥ á«ã¦¥¡−ë¥ ¤�−−ë¥. ’�ª®© á¯®á®¡
à�§¤¥«¥−¨ï ¤�−−ëå �“ ¡®«¥¥ á®®â¢¥âáâ¢ã¥â â¥å−®«®£¨¨ S+S.

�«¥ªâà®−−ë© ãç¥¡−¨ª, à�§¬¥é¥−−ë© ¢ á¥â¨ ˆ−â¥à−¥â ¨«¨ à�§¤¥«¥−−ë© ®¯¨-
á�−−ë¬ ®¡à�§®¬, ®âç�áâ¨ á−¨¬�¥â ¯à®¡«¥¬ã ¯¨à�âáâ¢�, çâ® ï¢«ï¥âáï ¤®¯®«−¨-
â¥«ì−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ íâ®£® ¬¥â®¤�. ÷�§¬¥é�¥¬ë¥ −� èª®«ì−ëå ¨ ¤®¬�è−¨å
ª®¬¯ìîâ¥à�å ç�áâ¨ �“ −¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ãç¥¡−®¬ ¯à®æ¥áá¥ ¯à¥¤ãá¬®â-
à¥−−ë¬ à�§à�¡®âç¨ª®¬ á¯®á®¡®¬ ¡¥§ ¨−ä®à¬�æ¨¨, åà�−ïé¥©áï ¢ á¥â¨ ˆ−â¥à−¥â,
−�¯à¨¬¥à −� á�©â¥ ¯à®¨§¢®¤¨â¥«ï, çâ® ¤¥«�¥â ¡¥áá¬ëá«¥−−ë¬ ¨å −¥á�−ªæ¨®−¨à®-
¢�−−®¥ ª®¯¨à®¢�−¨¥. �®«¥¥ â®£®, íâ¨ ç�áâ¨ ¬®£ãâ à�á¯à®áâà�−ïâìáï ¡¥á¯«�â−®, ¯®
æ¥−¥ −®á¨â¥«ï ¨ à�§¬¥é�âìáï −� áâ®«ìª¨å ª®¬¯ìîâ¥à�å, áª®«ìª® −¥®¡å®¤¨¬® ¤«ï
â®£®, çâ®¡ë ª�¦¤ë© ãç�é¨©áï ¨¬¥« ¯®«−®æ¥−−ë© ¨ ¯®¢á¥¬¥áâ−ë© ¤®áâã¯ ª á¢®¨¬
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Š ¢®¯à®áã ® «®£¨áâ¨ª¥ ¢−¥¤à¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¬®¡¨«ì−ëå í«¥ªâà®−−ëå ãç¥¡−¨ª®¢

�“ ¢ «î¡®¥ ã¤®¡−®¥ ¥¬ã ¢à¥¬ï. �«�â−®© ¬®¦¥â ¡ëâì â®«ìª® ®à£�−¨§ãîé�ï
ãç¥¡−ë© ¯à®æ¥áá ç�áâì �“, åà�−ïé�ïáï ¢ á¥â¨ ˆ−â¥à−¥â.

„®áâã¯ ª �“ á «î¡®£® ª®¬¯ìîâ¥à� (¥áâ¥áâ¢¥−−®, ®¡«�¤�îé¥£® −¥®¡å®¤¨¬ë¬¨
á¢®©áâ¢�¬¨ ¢®á¯à®¨§¢¥¤¥−¨ï ¬ã«ìâ¨¬¥¤¨©−ëå ä�©«®¢ ¨ ¨−â¥à�ªâ¨¢−ëå �«£®à¨â-
¬®¢) à¥è�¥â â�ª¦¥ àï¤ ¯à®¡«¥¬, á¢ï§�−−ëå á −¥¢®§¬®¦−®áâìî ¯® ª�ª¨¬-«¨¡®
¯à¨ç¨−�¬ ãáâ�−®¢ª¨ �“ −� −¥ª®â®àë¥ ª®−ªà¥â−ë¥ ãáâà®©áâ¢� «¨¡® á ¯®àç¥©
íâ¨å ãáâà®©áâ¢. �®áª®«ìªã −¥®¡å®¤¨¬�ï ¤«ï ®¡¥á¯¥ç¥−¨ï ãç¥¡−®£® ¯à®æ¥áá�
¨−ä®à¬�æ¨ï åà�−¨âáï −¥ −� ®â¤¥«ì−®¬ ãáâà®©áâ¢¥, � ¢ á¥â¨ ˆ−â¥à−¥â, ¤®áâ�â®ç-
−® ¢®á¯®«ì§®¢�âìáï �«ìâ¥à−�â¨¢−ë¬ ãáâà®©áâ¢®¬ −� ¢à¥¬ï ¯®ç¨−ª¨ ¨«¨ §�¬¥−ë
®á−®¢−®£®.

�ç¥¢¨¤−®, çâ® ãç¥¡−®¥ §�¢¥¤¥−¨¥ −¥ −¥á¥â ®â¢¥âáâ¢¥−−®áâ¨ §� ¢ë¡®à ª®¬¯ìîâ¥-
à®¢ ¨«¨ ¯«�−è¥â®¢, ª®â®àë¥ ¯®ªã¯�îâáï á¥¬ìï¬¨ ãç¥−¨ª®¢. ’¥¬ −¥ ¬¥−¥¥ ãç¥¡−®¥
ãçà¥¦¤¥−¨¥ ¬®¦¥â ¯®âà¥¡®¢�âì á®¡«î¤¥−¨ï −¥ª®â®àëå ãá«®¢¨© ¤«ï à�¡®âë ãç�-
é¨åáï á �“ ¢−¥ èª®«ë. �â® ®â−®á¨âáï ª á®¡«î¤¥−¨î á�−¨â�à−®-£¨£¨¥−¨ç¥áª¨å
−®à¬, â�ª¨å ª�ª à�§¬¥à ¨ à�§à¥è¥−¨¥ íªà�−�, � â�ª¦¥ ¯à¨¥¬«¥¬ë© â¨¯ ª«�¢¨�âã-
àë ¨ ¤àã£¨å −¥®¡å®¤¨¬ëå ¢−¥è−¨å ãáâà®©áâ¢. �à¨ −¥¢®§¬®¦−®áâ¨ á®¡«î¤¥−¨ï
âà¥¡®¢�−¨©, −�¯à¨¬¥à ¯® ä¨−�−á®¢ë¬ á®®¡à�¦¥−¨ï¬ ¨«¨ ¨§-§� ®âáãâáâ¢¨ï âà¥¡ã-
¥¬ëå ãáâà®©áâ¢ ¢ ¯à®¤�¦¥, ãç¥¡−®¥ §�¢¥¤¥−¨¥ ¤®«¦−® ¯à¥¤®áâ�¢¨âì −¥®¡å®¤¨¬®¥
ª®«¨ç¥áâ¢® á®®â¢¥âáâ¢ãîé¨å âà¥¡®¢�−¨ï¬ ª®¬¯ìîâ¥à®¢ ¤«ï à�¡®âë ãç�é¨åáï
¢ èª®«¥ ¢® ¢−¥ãà®ç−®¥ ¢à¥¬ï.

5 Жизненный цикл электронного учебника

�«¥ªâà®−−ë© ãç¥¡−¨ª ï¢«ï¥âáï ¨§¤¥«¨¥¬ (¯à®¤ãªâ®¬) ¨, ª�ª «î¡®¥ ¤àã£®¥
¨§¤¥«¨¥, ¤®«¦¥− ®¡«�¤�âì −¥ª®â®àë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, á¢®©áâ¢¥−−ë¬¨ ¨§-
¤¥«¨î. �¤−®© ¨§ ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª ¨§¤¥«¨© ï¢«ï¥âáï ¨å ¦¨§−¥−−ë©
æ¨ª«. ‚¬¥áâ¥ á â¥¬, ¯®áª®«ìªã �“ ï¢«ï¥âáï ¨−ä®à¬�æ¨®−−ë¬ ¨§¤¥«¨¥¬, ã −¥£®
¥áâì á¯¥æ¨ä¨ç¥áª¨¥ ç¥àâë ¯® áà�¢−¥−¨î á â¥å−¨ç¥áª¨¬¨ ¨§¤¥«¨ï¬¨. �¤−�¦¤ë
á®§¤�−−®¥ ¨−ä®à¬�æ¨®−−®¥ ¨§¤¥«¨¥ ¬®¦¥â §�â¥¬ ª®¯¨à®¢�âìáï ¨ ¯à®¤�¢�âìáï
−¥®£à�−¨ç¥−−®¥ ç¨á«® à�§ ¡¥§ ª�ª¨å-«¨¡® §�âà�â −� ¯à®¨§¢®¤áâ¢® (§� ¨áª«îç¥-
−¨¥¬ ¯à®æ¥áá®¢ ª®¯¨à®¢�−¨ï ¨ ã¯�ª®¢ª¨). ’¥¬ −¥ ¬¥−¥¥ áãé¥áâ¢ãîâ §�âà�âë −�
®¡á«ã¦¨¢�−¨¥ ã¦¥ ¯à®¤�−−ëå �“. „«ï â®£® çâ®¡ë à�§®¡à�âìáï ¢ íâ®¬ ¢®¯à®á¥,
á«¥¤ã¥â áä®à¬ã«¨à®¢�âì, çâ® ¯à¥¤áâ�¢«ï¥â á®¡®© �“ ª�ª ¨§¤¥«¨¥.

‘ãâìî ¨ á¬ëá«®¬ ãç¥¡−¨ª� ï¢«ï¥âáï á¨áâ¥¬� ¨á¯®«ì§®¢�−−ëå ¢ −¥¬ ¯¥¤�£®-
£¨ç¥áª¨å à¥è¥−¨© á®¢¬¥áâ−® á ª®−â¥−â®¬ ãç¥¡−¨ª� ¢ ¢¨¤¥ â¥ªáâ�, ¨««îáâà�æ¨©,
§�¤�−¨© ¨ â. ¯. �«¥ªâà®−−ë© ãç¥¡−¨ª −¥á¥â ¬ã«ìâ¨¬¥¤¨©−ë© ¨ ¨−â¥à�ªâ¨¢−ë©
ª®−â¥−â. ’�ª¨¬ ®¡à�§®¬, �“ ª�ª ¨§¤¥«¨¥ ®¡à�§ã¥âáï ª®¬¯«¥ªá®¬ ¯¥¤�£®£¨ç¥áª¨å
à¥è¥−¨©, ¬ã«ìâ¨¬¥¤¨©−ë¬ ¨ ¨−â¥à�ªâ¨¢−ë¬ ª®−â¥−â®¬, á¨áâ¥¬®© ¨§¬¥à¥−¨ï
¨ ®æ¥−ª¨ ãà®¢−ï ¢®á¯à¨−¨¬�¥¬®£® ¬�â¥à¨�«�, à¥�«¨§®¢�−−ëå ¢ ¢¨¤¥ ¯à®£à�¬-
¬−®£® ª®¤� ¤«ï −¥ª®â®à®© ¢ëç¨á«¨â¥«ì−®© ¯«�âä®à¬ë. �à®£à�¬¬−�ï à¥�«¨§�æ¨ï
íâ®£® �“ ¤«ï ¨−®© ¢ëç¨á«¨â¥«ì−®© ¯«�âä®à¬ë ï¢«ï¥âáï â¥¬ ¦¥ á�¬ë¬ ¨§¤¥«¨¥¬,
¯à¥¤−�§−�ç¥−−ë¬ ¤«ï ¨á¯®«ì§®¢�−¨ï −� íâ®© ¯«�âä®à¬¥, å®âï ¯à®£à�¬¬−ë© ª®¤
®â«¨ç�¥âáï ®â ¯¥à¢®−�ç�«ì−®£®.
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„. �. �®£¤�−®¢�, �. �. ”¥¤®á¥¥¢

�«¥ªâà®−−ë© ãç¥¡−¨ª ¬®¦¥â ¨ ¤®«¦¥− ¡ëâì ¬®¤¥à−¨§¨à®¢�− ¢ á«¥¤ãîé¨å
á«ãç�ïå:

{ ¨á¯à�¢«¥−¨¥ §�¬¥ç¥−−ëå −¥¤®áâ�âª®¢ ¨«¨ ®è¨¡®ª ¢ ª®−â¥−â¥;

{ ¨§¬¥−¥−¨¥ áâ�−¤�àâ� ®¡ï§�â¥«ì−®£® á®¤¥à¦�−¨ï ¯à¥¤¬¥â�: −¥ª®â®àë¥ à�§¤¥«ë
¬®£ãâ ¡ëâì ã¡à�−ë ¨«¨ ¤®¡�¢«¥−ë ¢ ®¡à�§®¢�â¥«ì−ãî ¯à®£à�¬¬ã;

{ ¢−¥¤à¥−¨¥ ¢ ®¡é¥¯à¨−ïâãî ¯à�ªâ¨ªã ¨ ¤®¡�¢«¥−¨¥ ¢ �“ −®¢ëå, à�−¥¥ −¥ à¥�-
«¨§ã¥¬ëå á¯®á®¡®¢ ¢§�¨¬®¤¥©áâ¢¨ï �“ á ãç¥−¨ª®¬ (−®¢�ï ¬ã«ìâ¨¬¥¤¨©−®áâì
¨ ¨−â¥à�ªâ¨¢−®áâì).

“ª�§�−−ë¥ ¨§¬¥−¥−¨ï ¯à¨¢®¤ïâ ª ¬®¤¥à−¨§�æ¨¨ �“. …á«¨ ¯à®¨§®è«� ¬®¤¥à-
−¨§�æ¨ï, â® ¯à¥¦−¨© �“ ¤®«¦¥− ¡ëâì §�¬¥−¥− −� ¬®¤¥à−¨§¨à®¢�−−ë© ¤«ï ¢á¥å
¯®«ì§®¢�â¥«¥© ¡¥§ ª�ª¨å-«¨¡® ¤®¯«�â ¨«¨ ãá«®¢¨©.

…á«¨ ¦¥ ¨§¬¥−ïîâáï ¯¥¤�£®£¨ç¥áª¨¥ ®á−®¢ë �“, � â�ª¦¥ á¨áâ¥¬� ¬ã«ì-
â¨¬¥¤¨©−®£® ¨ ¨−â¥à�ªâ¨¢−®£® ª®−â¥−â�, â® íâ® ¯à¨¢®¤¨â ª ¯®ï¢«¥−¨î ¤àã£®£®
ãç¥¡−¨ª�, â. ¥. ª ¯®ï¢«¥−¨î −®¢®£® ¨§¤¥«¨ï. �à¨ íâ®¬ ¯à¥¦−¨© �“, ã¦¥ ¯à¨®¡à¥-
â¥−−ë© ®¡à�§®¢�â¥«ì−ë¬¨ ãçà¥¦¤¥−¨ï¬¨, ¬®¦¥â ¯à®¤®«¦�âì ¨á¯®«ì§®¢�âìáï ¤®
â¥å ¯®à, ¯®ª� −¥ ¡ã¤ãâ ¯à¨−ïâë à¥è¥−¨ï ®â−®á¨â¥«ì−® ¯¥à¥å®¤� −� ¤àã£®© �“.
’�ª¨¬ ®¡à�§®¬, ¦¨§−¥−−ë© æ¨ª« �“ ¯à®¤®«¦�¥âáï ¤® â¥å ¯®à, ¯®ª� ¥£® ¨á¯®«ì-
§®¢�−¨¥ −¥ ¯à¥ªà�â¨âáï ¯®á«¥¤−¨¬ ¯®«ì§®¢�â¥«¥¬ (ãç¥¡−ë¬ §�¢¥¤¥−¨¥¬). ‡¤¥áì
á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ® ãç¥¡−¨ª ¨á¯®«ì§ã¥âáï ãç¥−¨ª®¬ −¥ â®«ìª® ¢® ¢à¥¬ï
¨§ãç¥−¨ï ¯à¥¤¬¥â�, −® â�ª¦¥ ¨ ¯®á«¥, ¯à¨ ¯®¢â®à¥−¨¨, ¢® ¢à¥¬ï ¯®¤£®â®¢ª¨ ª
íª§�¬¥−�¬. ‚®®¡é¥, ¯®ª� ãç¥−¨ª ãç¨âáï ¢ èª®«¥ ¨ ¤�«¥¥ ¢¯«®âì ¤® ¯®áâã¯«¥−¨ï
¢ ¢ã§, ®− ¤®«¦¥− ¨¬¥âì ¤®áâã¯ ª á¢®¥¬ã �“. � ¬®¦¥â ¡ëâì, á«¥¤ã¥â á®åà�−ïâì
¤®áâã¯ −� ¯à®âï¦¥−¨¨ ¢á¥© âàã¤®¢®© ¦¨§−¨ ãç¥−¨ª�?

�à®£à�¬¬−�ï à¥�«¨§�æ¨ï �“ ¤«ï ®¯à¥¤¥«¥−−®© ¯«�âä®à¬ë (¨«¨ ªà®áá¯«�â-
ä®à¬¥−−�ï) ¬®¦¥â áãé¥áâ¢®¢�âì ¤® â¥å ¯®à, ¯®ª� áãé¥áâ¢ã¥â ¯«�âä®à¬� ¨«¨
ª®¬¯«¥ªá ¯«�âä®à¬. ˆ§¬¥−¥−¨¥ ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨, á®åà�−ïîé¥© ¨§¤¥-
«¨¥ | �“:

{ ¨§¬¥−¥−¨¥ ¯à®£à�¬¬−®© áà¥¤ë (á¨áâ¥¬ë) ª®−áâàãªâ®à� ãç¥¡−¨ª®¢;

{ ¤®¡�¢«¥−¨¥ −®¢®© ¯«�âä®à¬ë.

�¥à¥å®¤ −� −®¢ë© ª®¬¯ìîâ¥à ¨«¨ −� −®¢ãî ¯«�âä®à¬ã (−� ª®â®à®© �“ −¥
¡ë« à�−¥¥ à¥�«¨§®¢�−) −¥ ®§−�ç�¥â ¢®§−¨ª−®¢¥−¨ï −®¢®£® ¨§¤¥«¨ï. �à®¤ãªâ
áãé¥áâ¢ã¥â, ¯®ª� à¥�«¨§ã¥âáï −� ¢−®¢ì ¢®§−¨ª�îé¨å ¯«�âä®à¬�å. †¨§−¥−−ë©
æ¨ª« ¯à¥ªà�é�¥âáï, ¥á«¨ �“ −¥ ¯®¤¤¥à¦¨¢�¥âáï −� ¢−®¢ì ¢®§−¨ª�îé¨å ¨ §�¯®«-
−ïîé¨å àë−®ª ª®¬¯ìîâ¥à−ëå ¯«�âä®à¬�å, � ¯à¥¦−¨¥ ¯«�âä®à¬ë ¢ëå®¤ïâ ¨§
ã¯®âà¥¡«¥−¨ï ¨ −¥ ¯®¤¤¥à¦¨¢�îâáï ¯à®¨§¢®¤¨â¥«ï¬¨.

6 Заключение

‚ ¯¥à¢®© ç�áâ¨ áâ�âì¨ ¡ë«¨ ¯¥à¥ç¨á«¥−ë −¥ª®â®àë¥ ¯à®¡«¥¬ë, ®â à¥è¥−¨ï
ª®â®àëå §�¢¨áïâ á¯®á®¡ë ¢−¥¤à¥−¨ï �“ ¢ ¯®¢á¥¤−¥¢−ãî èª®«ì−ãî ¦¨§−ì. Š�ª
íâ¨ ¯à®¡«¥¬ë ¢ë£«ï¤ïâ á ¯®§¨æ¨© ¯à¥¤«®¦¥−−®£® ¢ áâ�âì¥ ¯®¤å®¤�? �ç¥¢¨¤−®,
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Š ¢®¯à®áã ® «®£¨áâ¨ª¥ ¢−¥¤à¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¬®¡¨«ì−ëå í«¥ªâà®−−ëå ãç¥¡−¨ª®¢

çâ® ¢á¥ ¯à®¡«¥¬ë, á¢ï§�−−ë¥ á ®¡¥á¯¥ç¥−¨¥¬ ãç¥−¨ª®¢ ¯«�−è¥â�¬¨, ¯®«−®áâìî
ãå®¤ïâ. ˆáç¥§�îâ ¯à®¡«¥¬ë ®¡á«ã¦¨¢�−¨ï, åà�−¥−¨ï, ¢®§®¡−®¢«¥−¨ï, ª¨¡¥à-
¡¥§®¯�á−®áâ¨. …¤¨−áâ¢¥−−�ï ¯à®¡«¥¬� | ¯à®¡«¥¬� ¯à®¯ãáª−®© á¯®á®¡−®áâ¨
èª®«ì−ëå ª�−�«®¢ á¢ï§¨ | ®ª�§ë¢�¥âáï à¥è¥−−®© −¥ ¯®«−®áâìî. ’¥¬ −¥ ¬¥−¥¥
¯à¥¤«®¦¥− ¬¥â®¤, áãé¥áâ¢¥−−® á−¨¦�îé¨© âà¥¡®¢�−¨ï ª ¯à®¯ãáª−®© á¯®á®¡-
−®áâ¨ ª�−�«®¢.

…á«¨ ¯à¨§−�âì, çâ® ¬®¡¨«ì−®áâì �“ §�ª«îç�¥âáï −¥ ¢ â®¬, çâ®¡ë â�áª�âì
¥£® á á®¡®©, � ¢ â®¬, çâ®¡ë ¨¬¥âì ¤®áâã¯ ª �“ â�¬, £¤¥ íâ® ¯à¥¤¯®çâ¨â¥«ì−®
¯® â¥¬ ¨«¨ ¨−ë¬ ¯à¨ç¨−�¬, â® ®ª�¦¥âáï, çâ® ¡®«ìè¨−áâ¢® ¯à®¡«¥¬ á�¬¨ á®¡®©
¨áç¥§�îâ.

�� ®á−®¢¥ à�áá¬®âà¥−¨ï §�àã¡¥¦−®£® ®¯ëâ� à�á¯à®áâà�−¥−¨ï �“ ¨ á®§¤�−¨ï
¨¤¥�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ®â−®á¨â¥«ì−® ¤®áâã¯−®áâ¨ �“, �¢â®àë áä®à¬ã«¨à®-
¢�«¨ ¯à¥¤«®¦¥−¨¥ ¯® «®£¨áâ¨ª¥ �“, á¢®¡®¤−®¥ ®â ¡®«ìè¨−áâ¢� ¯à¨¢¥¤¥−−ëå
¯à®¡«¥¬. ÷¥è¥−¨¥, ®á¢®¡®¦¤�îé¥¥ �“ ®â ª®−ªà¥â−®£® −®á¨â¥«ï ¢ ¢¨¤¥ ¯«�−-
è¥â� ¨«¨ ª®¬¯ìîâ¥à� ®¯à¥¤¥«¥−−®£® â¨¯�, á ®¤−®© áâ®à®−ë, ¯®§¢®«ï¥â ¤®áâ¨çì
¦¥«�â¥«ì−®© £¨¡ª®áâ¨ ¢ ¯à�ªâ¨ç¥áª®¬ ¯à¨¬¥−¥−¨¨ �“. ‘ ¤àã£®© áâ®à®−ë, ®−®
−¥áª®«ìª® ®á«®¦−ï¥â ¦¨§−ì ¯à®¨§¢®¤¨â¥«¥© �“. �¤−�ª® á«¥¤ã¥â ®¦¨¤�âì, çâ®,
¢®-¯¥à¢ëå, ¢ë£®¤ë ®â ã−¨¢¥àá�«ì−®áâ¨ ¯à¨¬¥−¥−¨ï �“ ¯à¥¢ëáïâ §�âà�âë ¯® ¥£®
à¥�«¨§�æ¨¨ ¤«ï ¢á¥å áãé¥áâ¢ãîé¨å ¯«�âä®à¬, � ¢®-¢â®àëå, à�§¢¨â¨¥ ¯à®£à�¬-
¬¨à®¢�−¨ï −¥ ®áâ�−®¢¨«®áì ¨ á«¥¤ã¥â ®¦¨¤�âì ¯®ï¢«¥−¨ï ã−¨¢¥àá�«ì−ëå ï§ëª®¢,
�¤¥ª¢�â−® à�¡®â�îé¨å −� ¯«�âä®à¬�å ¢á¥å â¨¯®¢. ‚ «î¡®¬ á«ãç�¥ ¨áå®¤¨âì
á«¥¤ã¥â ¨§ âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ®á®¡¥−−®áâï¬¨ ãç¥¡−®£® ¯à®æ¥áá�, � −¥
¨§ ¤¨ªâ�â� ¯à®¨§¢®¤¨â¥«¥© ¢ëç¨á«¨â¥«ì−ëå ãáâà®©áâ¢ ¨ �“.

‚ ¬¨à¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢á¥ ¬¥−ï¥âáï ®ç¥−ì ¡ëáâà®. �®íâ®¬ã
¢¯®«−¥ ¢®§¬®¦−®, çâ® ¢ ¡«¨¦�©è¥¬ ¡ã¤ãé¥¬ ¨ ¤® ÷®áá¨¨ ¤®©¤ãâ ¨§¬¥−¥−¨ï,
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®¨áå®¤ïé¨¥ ¢ áä¥à¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ �¬¥-
à¨ª�−áª¨å èª®«�å, ®âª�§ë¢�îé¨åáï ®â ¨á¯®«ì§®¢�−¨ï iPad-®¢, � ª®¬¯�−¨¨,
§�−¨¬�¢è¨¥ «¨¤¨àãîé¨¥ ¯®§¨æ¨¨ ¢ ®¡«�áâ¨ à�§à�¡®â®ª ¤«ï ®¡à�§®¢�−¨ï, −�ç¨-
−�îâ ãáâã¯�âì á¢®¥ «¨¤¥àáâ¢®.
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ON LOGISTICS OF MOBILE ELECTRONIC TEXTBOOKS
IMPLEMENTATION AND USE

D. A. Bogdanova and A. A. Fedoseev

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: Taking into consideration the current situation of supply of broadband
access in the schools in Russia, based on reviews in international and national
publications regarding introduction of electronic textbooks, the authors identify
a number of issues inherent to this process, inhibiting its successful implemen-
tation and needing a proper resolution. The authors introduce the concept of
ideal availability of an electronic textbook, based on which the authors suggest
a number of ways of distribution of electronic textbooks. The authors introduce
the notion of lifecycle of an electronic textbook, which helps to identify the pro-
cesses of modernization and of creation of new textbooks. The authors also clarify
the meaning of the notion of mobility of an electronic textbook. As a result,
the authors managed to coin a prototype of an electronic textbook, which, when
realized, allows minimizing its dependence on availability of broadband access.
Therefore, this solution differs from its analogues both in Russia and globally.
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�®¡ª®¢ ‘¥à£¥© ƒ¥−−�¤ì¥¢¨ç (à. 1955) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«¥−¨¥¬ ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ� á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª
�®£¤�−®¢� „¨�−� �«¥ªá�−¤à®¢−� (à. 1946) | ª�−¤¨¤�â ¯¥¤�£®£¨ç¥áª¨å −�-
ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
�®−¤�à¥−ª® �«ì£� �«¥ªá¥¥¢−� (à. 1970) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‚®«®¢¨ç Š®−áâ�−â¨− ˆ®á¨ä®¢¨ç (à. 1970) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª
ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒ�à�−¨− �«¥ªá�−¤à ˆ¢�−®¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒàãè® �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1946) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, ç«¥−-ª®àà¥á¯®−¤¥−â �ª�¤¥¬¨¨ ªà¨¯â®£à�ä¨¨ ÷”; ¢¥¤ãé¨© −�ãç−ë©
á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ¯à®-
ä¥áá®à ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�
ƒàãè® �¨ª®«�© �«¥ªá�−¤à®¢¨ç (à. 1982) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
„ìïç¥−ª® āà¨© ƒ¥®à£¨¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
…£®à®¢ ‚«�¤¨¬¨à �®à¨á®¢¨ç (à. 1948) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
ˆ«ì¨− �«¥ªá�−¤à ‚«�¤¨¬¨à®¢¨ç (à. 1975) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�à-
è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�¢¥¤ãîé¨© «�¡®à�â®à¨¥© ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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ˆ®−¥−ª®¢ āà¨© ‘¥à£¥¥¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨à¥ª-
â®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
Š®§«®¢ ‘¥à£¥© ‚¨â�«ì¥¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®«¥á−¨ª®¢ �«¥ªá�−¤à ‚�á¨«ì¥¢¨ç (à. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à ��«â¨©áª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â� ¨¬. ˆ¬¬�−ã¨«� Š�−â�; áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨-
ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®−¤à�è¥¢ ‚�¤¨¬ �¤®«ìä®¢¨ç (à. 1963) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®à¥¯�−®¢ �¤ã�à¤ ÷ã¤®«ìä®¢¨ç (à. 1966) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
Š®à®«ñ¢ ‘¥à£¥© ��¢«®¢¨ç (à. 1985) | −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£®
æ¥−âà� „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Šã«ì¡¥à£ �¨ª®«�© ‘¥à£¥¥¢¨ç (à. 1970) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨-
æë−� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷®¦¤¥áâ¢¥−áª¥−¥ �áâ� ‚¨−æ¥−â® (à. 1964) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª
ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷®¦¤¥áâ¢¥−áª¨© āà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1952) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ¯à®£à�¬¬¨áâ 1-© ª�â¥£®à¨¨ Š�«¨-
−¨−£à�¤áª®£® ä¨«¨�«� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
‘¥à£¥¥¢ ˆ£®àì ‚¨ªâ®à®¢¨ç (à. 1965) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¬¥áâ¨â¥«ì
¤¨à¥ªâ®à� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1968) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘®ª®«®¢ ˆ£®àì �−�â®«ì¥¢¨ç (à. 1954) | �ª�¤¥¬¨ª ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤¨à¥ªâ®à ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 3 2014 231



�¡ �¢â®à�å

‘®¬¨− �¨ª®«�© ‚«�¤¨¬¨à®¢¨ç (à. 1947) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘®à®ª¨− �«¥ªá¥© �−�â®«ì¥¢¨ç (à. 1980) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�-
¢¥¤ãîé¨© «�¡®à�â®à¨¥© ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥-
¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ãàª®¢ �«¥ªá¥© ‚¨ªâ®à®¢¨ç (à. 1978) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ��ãç−®-
¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ� á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
’�à�á®¢ �«¥ªá¥© ƒà¨£®àì¥¢¨ç (à. 1982) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�à-
è¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
”¥¤®á¥¥¢ �−¤à¥© �«¥ªá¥¥¢¨ç (à. 1946) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
•�§¨�å¬¥â®¢ Œ�ªá¨¬ ˜�¬¨«¥¢¨ç (à. 1989) | �á¯¨à�−â ä�ªã«ìâ¥â� ¢ëç¨á«¨-
â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
¨¬. Œ. ‚. ‹®¬®−®á®¢�
˜�à−¨− Œ¨å�¨« Œ¨å�©«®¢¨ç (à. 1959) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
Ÿª®¢«¥¢� ’�âìï−� ‚¨ªâ®à®¢−� (à. 1956) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨-
æë−� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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«Системы и средства информатики»

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

â¥©;
{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï −¥ ¤®«¦−� −�àãè�âì §�ª®− ®¡ �¢â®àáª¨å ¯à�¢�å.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ ¢á¥ ¯à�¢� á®¡áâ¢¥−−¨ª®¢ ¤�−−®©
àãª®¯¨á¨ ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ −¥¨áª«îç¨â¥«ì−ë¥ ¯à�¢�
−� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥− ®â àãááª®-
£®) ¨ −� ¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. �¢â®àë ¤®«¦−ë ¯à¥¤®áâ�¢¨âì
¢ à¥¤�ªæ¨î ¯¨áì¬® ¢ á«¥¤ãîé¥© ä®à¬¥:
‘®£«�è¥−¨¥ ® ¯¥à¥¤�ç¥ ¯à�¢� −� ¯ã¡«¨ª�æ¨î:

úŒë, −¨¦¥¯®¤¯¨á�¢è¨¥áï, �¢â®àë àãª®¯¨á¨ ú. . . û, ¯¥à¥¤�¥¬ ãçà¥¤¨â¥«ï¬ ¨ à¥¤-
ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û −¥¨áª«îç¨â¥«ì−®¥ ¯à�¢®
®¯ã¡«¨ª®¢�âì ¤�−−ãî àãª®¯¨áì áâ�âì¨ −� àãááª®¬ ï§ëª¥ ª�ª ¢ ¯¥ç�â−®©, â�ª
¨ ¢ í«¥ªâà®−−®© ¢¥àá¨ïå ¦ãà−�«�. Œë ¯®¤â¢¥à¦¤�¥¬, çâ® ¤�−−�ï ¯ã¡«¨ª�æ¨ï −¥
−�àãè�¥â �¢â®àáª¨å ¯à�¢ ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©.

�®¤¯¨á¨ �¢â®à®¢: (ä. ¨. ®., ¤�â�, �¤à¥á)û.

�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
¢�−−®© ª®¯¨¨ (á ¯®¤¯¨áï¬¨ �¢â®à®¢).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.



7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ ��§¢�−¨¥ áâ�âì¨.

{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î.

{ Œ¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®
�¢â®à�.

{ ‘¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥-
−ë −� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«.

{ Š«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®©
âà�−á«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë
−� ¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.
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â¥ http://www.translit.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
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